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LECTURE  NOTES 


FOR 

CHEMICAL  STUDENTS. 


OEGANIC  CHEMISTRY. 
CHAPTER  I. 

INTKODUCTOEY. 

The  name  organic  is  commonly  restricted,  Ly  chemists,  to 
compounds  the  molecules  of  which  consist  of  one  or  more 
atoms  of  carbon  directly  combined  either  with  carbon,  nitro- 
gen, or  hydrogen.  Thus,  according  to  this  definition,  car- 
bonic anhydride  (0=0—0)  and  hydric  potassic  carbonate 
(H — 0 — 0 — 0 — K)  are  mineral  or  inorganic  compounds, 
II 

O 

because  the  carbon  which  they  contain  is  directly  combined 

/0=:0— O— H\ 

with  oxygen  only ;  but  oxalic  acid  (        j  ) ,  cyanic 

\0=0— 0— H/ 

acid  (N=C— 0— H),  and  formic  acid  (0=0— 0—H)  are 

H 

organic  compounds,  because  their  molecules  contain  carbon 
directly  combined,  in  the  first  case  with  carbon,  in  the  second 
with  nitrogen,  and  in  the  third  with  hydrogen. 

The  number  of  elements  usually  entering  into  the  composi- 
tion of  organic  compounds  is  very  small. 

A  large  number  of  these  compounds  consist  of  carbon  united 
with  only  one  other  element,  either  hydrogen  or, rarely, nitrogen. 

The  members  of  another  very  large  class  contain  only  three 
elements : — carbon,  hydrogen,  and  oxygen  ;  carbon,  hydrogen, 
and  nitrogen  ;  or  carbon,  nitrogen,  and  oxygen, 
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Others  contain  four  elements — carbon,  hydrogen,  oxygen, 
and  nitrogen. 

Some  contain  sulphur,  chlorine,  bromine,  iodine,  silicon, 
phosphorus,  boron,  or  metals  ;  but  these  are  comparatively  rare. 

Although  the  number  of  the  elements  entering  into  the  com- 
position of  organic  compounds  is  much  smaller  than  that  usually 
taking  part  in  the  formation  of  minerals,  yet  the  complexity 
of  the  former  class  of  compounds  is  frequently  much  greater. 

There  is  no  instance  of  an  organic  molecule  containing  but 
two  single  atoms,  and  only  one  containing  three  (hydrocyanic 
acid,  HON). 

On  the  other  hand,  the  number  of  atoms  in  a  single  organic 
molecule  is  sometimes  very  great.    Thus  : — 

The  molecule  of  Spermaceti  contains    98  atoms. 
„       „       Stearin  „       173  „ 

„       „       Margarin        „       217  „ 
„       „       Albumen        „       226  „ 
Protagon        „       384  „ 

In  nearly  all  organic  compounds  carbon  is  a  tetrad.  It 
forms,  therefore,  with  1  atom  of  hydrogen  a  triad  compound 
radical,  which  exists  in  chloroform  (C'^H)"'Cl3 ;  a  dyad  com- 
pound radical  with  2  atoms  of  hydrogen,  as  in  methylenic 
dichloride  (C'''H2)"Cl2 ;  and  a  monad  compound  radical  with 
3  atoms  of  hydrogen,  as  in  methylic  iodide  (C'^H3)I.  Eut  in 
these  compounds  it  will  be  seen  that  the  carbon  is  always  satu-* 
rated  and  always  a  tetrad.  « 

This  is  in  conformity  with  the  following  general  law : — "  In 
every  molecule  of  a  chemical  compound  the  sum  of  the  bonds 
is  always  an  even  number,"  because  every  number,  whether 
odd  or  even,  when  multiplied  by  2  gives  an  even  number.  To 
this  may  be  added  the  following  law,  to  which  no  exception  is 
known  : — "  The  sum  of  the  bonds  in  any  molecule  is  at  least 
twice  as  great  as  the  active  atomicity  of  the  most  polyad  ele- 
jHent  in  the  compound." 

A  compoimd  organic  radical  is  a  go^oup  of  atoms  containing  one 
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or  more  atoms  of  carhon  of  loliich  one  or  more  honds  are  unsatis- 
fied;  and  it  is  either  a  monad,  dyad,^c.  radical,  according  to  the 
numher  of  monad  atoms  required  to  complete  its  active  atomicity. 

Such  a  radical,  when  a  monad,  triad,  or  pentad,  cannot  exist 
as  a  separate  group  ;  like  hydrogen  or  nitrogen,  when  isolated, 
it  combines  with  another  group  of  atoms  like  itself,  forming 
a  duplex  molecule.  It  is  only  by  this  union  of  two  semi- 
molecules  that  the  vacated  bonds  can  be  satisfied. 

The  following  are  two  of  the  principal  series  of  compound 
orpfanic  radicals  : — 


Monads. 


Methyl 

Ethyl 

Propyl 

Butyl 

Amyl 


or 


ch; 


as, 


or 


JMe 
iMe 
JEt 
\Et 
Pr 
Pr 
JBu 
IBu 

I  Ay 
lAy 


Methylene. 
Ethylene  . 
Propylene  . 
Butylene  . 
Amylene  . 


Dyads. 

CH„  or  Me"*. 


G,H,  or  Et' 


C3H„  or  Pr' 


or  Bu", 


or  Ay". 


Organic  radicals  are  the  analogues  of  the  monad,  dyad, 
and  triad  elements  of  mineral  chemistry. 

Such  being  the  constitution  of  the  organic  radicals,  we  will 
now  proceed  to  investigate  their  functions  in  organic  com- 
pounds, and  to  examine  the  general  plan  upon  which  these 
compounds  are,  on  the  atomic  hypothesis,  built  up. 

We  shall  be  assisted  in  our  investigation  if  we  reduce  the 
formulae  of  these  compounds  to  a  few  types  or  fundamental 
forms.  In  doing  this  it  is  necessary  to  avoid,  as  far  as  possible, 
all  empirical  grouping  of  atoms.  Our  formulge  ought  to  express, 
as  exactly  as  possible,  how  the  elements  are  combined  with  each 
other.  Thus  in  a  compound  containing  C^H^^O^,  the  formula 
ought  to  show,  first,  whether  the  hydrogen  is  combined  with 
carbon  or  with  oxygen ;  or  if  combined  with  both,  it  should 
indicate  how  many  atoms  are  united  with  carbon,  and  how 
*  Only  known  in  combination. 

B  2 
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many  with  oxygen.  Secondly,  the  formula  ought  to  show 
whether  the  oxj^gen  is  united  with  carbon  or  with  hydrogen,  or 
partly  with  the  one  and  partly  with  the  other,  or,  lastly,  whether 
it  is  performing  the  function  of  linking  hydrogen  to  carbon. 

This  information  is  most  completely  given,  in  notation,  by 
making  carbon  the  dominant  or  grouping  element  in  non- 
nitrogenous  compounds,  and  nitrogen  in  the  remaining  organic 
compounds. 

Non-nitrogenous  organic  compounds,  exclusive  of  organo- 
metallic  bodies  and  organo-boron  and  silicon  compounds,  can  be 
conveniently  considered  under  the  two  following  types,  viz. : — 

H 


1.  The  monadelphic,  or  marsh-gas  ] 

type  J 


II— C—H 

I 

H 
II  H 


2.  The  diadelphic,  or  methyl  type  . . .       H— C— C— IT 

■     *  H  II  • 

Nitrogenous  organic  compounds  arrange  themselves  in  the 
most  convenient  manner  under  the  two  following  types : — 

II 

3.  The  ammonia  type    

H  H 
CI 

4.  The  ammonic-chloiide  type    H— ll— II 

/  \ 
H  H 

In  addition  to  those  types  a  few  others  will  be  occasionally 
necessary,  such  as  : — 

II  H  II 

5.  The  triadelphic  typo   h_-.c_c_c__ii 

I     I  I 
H  II  II 
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H  H 

I  I 

G.  Tbc  double  monadelpbic  type  ...    H— C— 0~C— 11 

H  H 
H  H 

7.  Tbe  condensed  diadelphic  or  1  C— i 

olefine  type  J  |  | 

H  H 

Double,  and  sometimes  even  treble  ammonia  and  ammonic- 
cliloride  types  are  required  for  certain  compounds,  but  they 
do  not  need  special  description  here. 

The  above  types  are  written  symbolically  as  follows  : — 

1.  Monadelpliic  type   CH^. 

fGH 

2.  Diadelphic  type   |  qj^^  . 

3.  Ammonia  type   W'Hg. 

4i.  Ammonic-chloride  type    N^'H^Cl. 

rci-i3 

5.  Triadelphic  type    j  CH,. 

6.  Double  mouadelphic  type   <  0 


7.  Condensed  diadelphic  type   "  | 


GH3 
CH, 

ch; 


In  order  to  facilitate  the  use  of  these  symbolic  types,  it  is 
advisable  to  become  familiarized  with  the  symbols  of  the  fol- 
lowing analogues  of  hydroxyl,  in  addition  to  those  already- 
given  for  inorganic  compound  radicals  at  p.  28  of  vol.  i.,  and 
for  the  monad  and  dyad  radicals  at  p.  3  of  the  present 
volume : — 

Methoxyl    CH3O  or  Meo. 

Ethoxyl    C^H.O  or  Eto. 

Propoxyl   CgH.O  or  Pro. 

Butoxyl    C.HgO  or  Buo. 

Amoxyl   C-HjjO  or  Ayo. 
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Eormiilse  written  on  the  triadelphic  type  can  be  reduced  to 
tlie  diadelpliic  type,  and  those  on  the  latter  to  the  monadelphic 
type,  as  follows  : — 


hydride.    |  qjj^- 

Triadelphic. 


f  CMeH^ 
ICH3 

Diadelphic. 


CMe.H^  or  CBtn,. 


Monadelphic. 


The  above  alternative  monadelphic  formulae,  although  appa- 
rently different,  are  in  reality  identical,  as  can  be  easily 
proved  by  expressing  both  graphically,  thus : — 


CMe„H.  = 


H 

i  H 

H 

H- 

1 

-C- 

i  1 

1 

1 

H 

i  1 

1  H 

1 

II 

H 
1 

-C- 

H  i 

H 

H- 

1  i 

-C— ;- 

1 

-C- 

-II 

1 

H 

1  i 
H  i 

1 

H 

CEtll^ 


On  the  other  hand,  monadelphic  formulae,  if  they  contain  a 
sufficient  number  of  carbon  atoms,  can  be  expanded  into  diadel- 
phic, triadelphic,  &c.  formulae  in  the  following  manner : — 

'CH3 

rCEtH,       CH,  CH, 
[CEtH, 


Normal  butyl,  or 
propylated  methyl. 
(Molecule.) 


rCMeH, 
CH, 

|CH, 
'^CMeH, 


< 


ch; 

CH. 
CH. 


This  development  of  normal  butyl  depends  on  the  following 
facts  : — 1st,  that  normal  butyl  is  propylated  methyl ;  2nd,  that 
normal  propyl  is  ethylated  methyl ;  and  3rd,  that  ethyl  is  me- 
thylated methyl. 

Secondary  and  tertiary  organic  radicals  (see  p.  10)  cannot 
be  completely  developed  vertically  — 


GRAPHIC  FORMULiE. 
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JCEtMeH  _ 
[CEtMeH  - 

Methylo-ethylated 
methyl.  (Molecule.) 


CMeH. 
CMeH" 
CMeH 
CMeK 


rcH3  rcH3 

CMeH  _  J  CH(CH3) 
CMeH  ~  i  CHCCHg) 
CH.  CH. 


ICH3 


ICH3 


rCMe 
[CMe 


Trimethylated 
methyl.  (Molecule.) 


rCH3 
CMe, 
CMe. 
CH/ 


rcH3 

I  C(CH3)(CH3) 
C(CH3)(CH3)' 
ICH3 


It  will  be  seen,  on  comparing  the  above  formulae  with  the 
graphic  representation  of  the  respective  compounds,  that  both 
express  the  same  ideas  of  constitution.  Thus  in  the  developed 
symbolic  formula  of  normal  butyl  it  is  evident  that  the  two  ex- 
treme carbon  atoms  are  each  united  with  three  atoms  of  hydrogen 
and  one  of  carbon,  and  all  the  intermediate  carbon  atoms  with 
two  of  hydrogen  and  two  of  carbon,  exactly  as  shown  in  the 
following  graphic  representation  : — 


H  H   H  H 

I  I  I  I 
H— C— C— C— C 

I     I     I  I 
H  H  H  H 


H  H  H  H 
I 


■C— C— (J— C— 

I  I  I  I 

H  H  H  H 

Normal  butyl  or  i^ropylivted  methyl.  (Molecule.) 


H 


Trom  the  developed  symbolic  formula  of  methylo-ethylated 
methyl,  it  is  evident  that  the  two  central  carbon  atoms  are 
united  with  three  atoms  of  carbon  and  one  of  hydrogen,  that 
the  two  extreme  carbon  atoms  are  united  with  one  atom  of  car- 
bon and  three  of  hydrogen,  that  the  intermediate  carbon  atoms 
are  joined  to  two  hydrogen  and  two  carbon  atoms,  and  that  the 
remaining  carbon  atoms  are  each  combined  with  one  atom  of 
carbon,  and  three  of  hydrogen,  thus : — 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS, 

H 
I 

H— C— H 

H  H  H 


H  H 

I  I 
H— C— C— 0 

I     I  I 
H  H  II 


— C- 


_C— C— H 


H— C— H 


II 


Methylo-ethylated  methyl.  (Molecule.) 

Lastly,  in  the  developed  symbolic  formula  for  trimethylated 
methyl,  the  two  central  atoms  of  carbon  are  each  united  with 
four  carbon  atoms,  and  all  the  remaining  atoms  of  carbon  are 
united  with  three  of  hydrogen  and  one  of  carbon,  thus  : — 


H 

I 

1I~C- 

1 

H 


H 
I 

H-C-II 


•C- 


H 
I 

H— C— H 


-C— H 

I 

H 


II 

i 

C— II 

I 

II 


H— C—II 
I 

H 

Trlraetliylatevl  mct'iyl.  (Slolecule.) 


CLASSIPICATIOK  OP  OMANIC  COMPOUNDS. 

The  most  important  organic  compounds  can  be  convenicut ly 
divided  into  the  following  thirteen  families  : — 

1.  Organic  radicals. 

2.  Hydrides  of  organic  radicals. 
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8.  Alcohols.  • 

4.  Ethers. 

5.  Haloid  ethers* 
G.  Aldehydes. 

7.  Acids. 

8.  Anhydrides. 

9.  Ketones. 

10.  Ethereal  salts. 

11.  Organic  compounds  containing  triad  or  pentad  nitrogen. 

12.  Organo-boron  and  silicon  compounds. 

13.  Organo-metallic  bodies. 


CHAPTER  II. 

OEGANIC  EADICALS. 

This  family  of  organic  compounds  is  divided  into  two 

isses : — 

Class  I.  Positive  radicals. 
Class  II.  Negative  radicals. 

Class  I. 
rOSITIVU  BADICAZS, 

Monads. 
Methyl  or  (CjHon+Oa  Series. 
Yinyl  or  (C„H2„-.i)2  Series. 
Phenyl  or  (C„H2„.7)2  Series. 

Dyads. 
Ethylene  or  CJIg;,  Series, 
jicetylene  or  C„H2«_2  Series. 
Phenylene  or  C„H2,,„8  Series. 

Triads. 

Glyceryl  or  (G.H.,.!)'",  Series, 
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Class  I. 

POSITIVE  RADICALS. 
MONADS. 

METHYL  or  (O.Hs^+Oa  SEBIES. 

These  radicals  are  divided  into  three  sections,  viz.  Normal, 
Secondary,  and  Tertiary  : — 

General  formulas. 

1.  Normal  Eadicals  | 

2.  Secondary  Eadicals    . . .  |  q  h'"^')'h- 

3.  Tertiary  Eadicals    ^S^nu'"+'^• 

In  the  first  of  the  above  formulae  n  may  =0,  but  in  the 
others  it  must  be  a  positive  integer. 

Examples  of  the  tertiary  series  of  radicals  may  be  seen  in  the 
tertiary  fatty  acids.    They  have  not  yet  been  isolated. 

It  is  evident  that,  besides  the  three  series  of  radicals  shown 
above,  three  other  series,  containing,  in  the  same  molecule, 
normal  and  secondary,  normal  and  tertiary,  and  secondary  and 
tertiary  radicals,  may  exist ;  but  up  to  the  present  time  only 
one  or  two  examples  of  such  radicals  are  known. 

By  the  action  of  zincic  ethide  on  the  chloride  obtained  from 
acetone  by  means  of  phosphoric  chloride,  a  hydrocarbon  is  ob- 
tained, which  may  be  regarded  as  a  mixed  normal  and  tertiary 
monad  positive  radical:  ethyl  etho-dimethomethyl  or  ethyl 
isoamyl : — 


CMeCL    +  =    ^^^^^    +  CMek- 


the 


ethide.  chloride.  thomethyl. 


1.  Normal  Radicals. 


This  series  contains  the  radicals  of  the  methylic  scries  of 
alcohols. 


NORMAL  MONAD  RADICALS. 
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These  radicals  also  enter  into  the  composition  of  the  normal 
series  of  fatty  acids. 

The  following  list  contains  all  the  radicals  of  this  section 
that  have  been  hitherto  obtained  : — 


Methyl 
Ethyl  . 

Propyl . 


JMe 
I  Me' 


Boiling- 
points. 


JEt 
\Et' 


J  CMeH, 
1  CMeH; 


or 


Pr 
Pr' 


or 


I    not  known, 

'CH3 
CTT 

Qjj'   about -23°. 

CH3 

ch: 

«K  ci^    +68° 


J  CEtH, 
[  CEtH; 


1  CH. 

Lch; 


^^^'y'  {bu' 

^-y'  {Z 

Caproyl    jg, 


2C(C„H2„+i)H,I    +   Zn    =   Znl,  + 


119°. 
159°, 


r  CPrH, 
r  CBuH 

"ncBuH:  

-{ciS   2^^- 

Preparation. — 1.  By  the  action  of  zinc  on  the  iodides  of  the 
normal  radicals  : — 

fC(C„H,.+OH, 
\  C(0„H2«+i)H,* 

Part  of  the  liberated  radical  is  at  the  same  time  decomposed 
into  the  hydride  of  the  radical  and  the  corresponding  dyad 
radical : — 


+  [C(C„H^„+OH]". 


A  remarkable  special  method  for  preparing  ethyl  consists  in 
exposing  mercury  and  ethylic  iodide  to  the  influence  of  sun^ 


light  :- 


2EtI  Hg 


Hgl, 


Ethylic 
iodide. 


Mercurio 
iodide, 


Et,. 

Ethyl. 
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2.  By  tlie  elect:rolysis  of  the  salts  of  the  normal  fatty  acids. 
In  this  process,  nascent  oxygen  acts  upon  the  fatty  acid,  con-  , 
verting  its  oxatyl  into  carbonic  anhydride,  the  positive  radical 
being  set  free : — 

^jcOHo  +     U    =  tc(C,.H,„+,)H3 

Fatty  acid.  Radical, 

+  .  2C0,    +  OH,. 

Carbonic  Water, 
anhydride. 

3.  By  acting  with  zinc  upon  the  iodides  of  two  radicals  simul- 
taneously, the  so-called  double  or  mixed  radicals  are  produced : — 


Mel    +    EtI    +  '  Zn    =    Znl  '  -f 


JMe 

Mcthylic  Ethylic  Zincie  Methyl 

iodide,  iodide.  iodide,  ethyl. 


JCMcIL 
1  CMcH; 


ETHYL. 

K  H 
I  I 

I  I 
H  H 


H  H 

I  I 
-C— C— H 

I  I 
H  H 


Molecular  weight  =58.    Molecidar  volume  I  I  1.    1  litre  of 
ethjl  gas  weighs  29  critJis.    Boils  at  alout  —-23°  C. 

I'reparation, — By  digesting  together  in  a  close  vessel  at  VIQP 
ethylic  iodide  and  zinc,  the  reaction  being  similar  to  that 
between  hydriodic  acid  and  zinc : — 

Zn    +    2HI    =    Snl,    +     j }[. 

Hydriodio  Zinoio  Ilydrogen. 

"  acid.  iodide. 


Zn    'V    2EtI    =    Znl,  + 


Efc 
Ef 


Ethylic  Zincic  Ethyl, 

iodide.  iodide. 
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2.  Secondary  Uadicals. 
Two  secondary  monad  positive  radicals  are  known  : — 
Isopropyl  {g^Jg   bolls  at  5S° 

Amyl-iaopropyl  ...    » 

VINTL  SERIES. 

General  formula. . .  |  C(cil r^l) h'* 
Tlie  first  member  of  this  series,  vinyl,  lias  not  yet  been 


isolated. 


ALLYL. 

C3H,  _  J  C(CM:e"H)H. 
C3H,     1  C(CMe"II)H; 


H 

r-^  I 

H-C— C— C- 
I 


H 

-0— C— 0--H 

I  I 


H  H  H      H   H  H 
Molecular  loeigTit  =82.    Molecular  volume  1  litre  of 

allyl  vajpour  weigJis  41  critJis.   Sp.gr.  0'684.   Boils  at  59°. 

Preparation. — By  digesting  allylic  iodide  with  sodium,  and 
then  distilling  : — 

Na,  +  2C(CMe"H)HJ  =  {gfcMe-HS  +  ^^^I- 

AUylio  iodide.  Allyl.  Sodic  iodide. 

Character. — Bromine  and  iodine  unite  directly  with  allyl, 
producing  allylic  tetrabromide  and  tetriodide.  In  these  com- 
pounds the  molecule  of  allyl  plays  the  part  of  a  tetrad  radical. 

In  allylic  tetrabromide,  four  latent  carbon  bonds  in  the  mole- 
cule of  allyl  have  become  active,  and  have  united  with  four  atoms 
of  bromine 


tC(CMe"H)H,    +  \  C[C(CH,Br)BrH]H, 

lAllyl.  Allylic  tetrabromide. 
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An  aDalogous  case  is  met  with  in  ferric  chloride,  where  two 
tetrad  atoms,  united  by  one  bond  of  each,  become  together 
hexadic : — 

fFeC]3 
FeCJ; 


Allylic  monobromide  can  only  be  obtained  by  the  action  of 
phosphorous  tribromide  on  allylic  alcohol: — 

3C(CMe"H)H,Ho    +    PBr,    =  3C(0Me"H)H,Br 

Allylic  alcohol.  Phosphorous  Allylic  monobromide. 

tribromide. 

+  POHHo,. 

Phosphorous  acid. 


PHENYL  SERIES. 

G-eneral  formula ...  |  . 

These  radicals  are  but  imperfectly  known.  The  following 
have  been  isolated  : — 

^■Wl  {Sh; 

Tolvl  jCeH.Me 


■t>      1  JCH,(C„H,) 


Amyl  benzol  or  amyl  phenyl...  CyH5(C3HjJ 


CAy 
"jCH 
4CH 
="  CH 
jCH 


.jCAyn 
JCH 
'CH 

Amyl  toluol  or  amyl  benzyl...  OJi^{Cll^)(C^ll^^  =  >'\Qi^ 

jcH 

"■•CMe 
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}CH 

Amyl  xylol   C„H3(CH3),(C,H„)="{^^ 

|cMe 
"■>CMe- 


PHENYL. 


H  H 

H 

H 

1  1 

1 

c= 

1 

=C 

/  \ 

/ 

\ 

C       C  — 

— c 

c 

W  // 

W 

// 

c— c 

c- 

i  i 

1 

H 

1 

H 

Molecular  weight  =154.  Molecular  volume  I  I  I.  1  litre  of 
phenyl  vajpour  weighs  77  criths.  Fuses  at  70°.  Boils  at 
240^ 

Preparation. — By  tlie  action  of  sodium  on  phenylic  bro- 
mide : — 

2CABr    +    Na,    =    |  ^ ^    4.  2NaBr. 

Phenylic  bromide.  Phenyl.  Sodic  bromide. 

Reaction. — By  treatment  with  bromine,  phenyl  produces 
bromphenyl  and  hydrobromic  acid : — 

\^J^5    4.    -n^  fCeH.Br  ^TTBr 

1C,H,    +  -    Ic^H.Br    +  21iiir. 

Phenyl.  Bromphenyl.  Hydrobromic 

acid. 
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CHAPTER  III. 
POSITIVE  RADICALS. 
DYADS. 

JETIirZUNU  or  C„  SERIES, 

Preparation. — Tlieso  compounds  are  produced  as  follows : — 

1.  In  many  cases  of  destructive  distillation,  where,  however, 
the  reaction  cannot  be  traced. 

2.  By  the  abstraction  of  the  elements  of  water  from  the 
normal  monohydric  alcohols  of  the  methylic  series,  as  for  in- 
stance : — 

rcH,     _  „  fcii,  o„ 

Ethylic  alcohol.  Ethylene.  Water. 

8.  By  passing  the  vapours  of  the  haloid  compounds  of  the 
normal  monad  radicals  of  the  C,Jl2/>+i  series  over  keated  limo, 
thus : — 

{cfei  ="{ch:  +  Hci. 

Ethylic  Ethylene.  EydrochloritJ 

chloride.  acid. 

4.  By  the  transformation  of  the  monad  radicals  at  the  mo- 
ment of  liberation  from  their  compounds,  when  they  split  into 
dyad  radicals  and  the  liydrides  of  monad  radicals  : — 

|C(CH,)H,  _  „  fCH,  rCH, 
1C(CH,)H,    -     tcH,    +  tcH,- 

Ethyl.  Ethylene.  Efchylio 

hydride, 

5.  By  the  action  of  the  iodide  of  a  monad  radical  on  the 
sodium  compound  of  a  monad  radical: — ■ 

fcir,    ,   fCH3     _  ..J   ,.,fcn,   ,  fCH, 

jCHJ    +   ICH^Na    -    ^''^    +  tCH,    +    t  CH; 

Ethylic  Sodic  Sodic  Ethylene.  Ethyl  lo 

iodide,  ethide.  iodide.  hydride. 
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6.  Methylic  iodide  and  allylic  iodide  dissolved  in  ether  and 
digested  with  sodium  in  sealed  Yessels  produce  methyl-allyl,  an 
isomer  of  butylene  : — 


CHJ    +  "]CH      +    Na,    =    2NaI    +     ^  • 


Methylic  Allylic  Methyl-allyl. 

iodide.  iodide. 

7.  By  the  action  of  zincic  ethide  on  allylic  iodide,  ethyl-allyl, 
isomeric  with  amylene,  is  obtained : — 

rCH, 

ZnEt,  +  2  "}CH     =    Znl,    +    2  "jCH      or  J  CH,- 
^CH,I  ^CH^Efc      1  CH, 

^CH3 

Zincic  Allylic  Zincic  Ethyl-aliyl. 

ethide.  iodide.  iodide. 

8.  By  treatment  of  vinylic  bromide  (brominated  ethylene) 
with  zincic  ethide,  ethyl- vinyl,  isomeric  with  butylene,  is  pro- 
duced : — 

"CH 
CH, 
CH,- 
CH3 


ZnEt,   +    2{  '^l-^^=  ZnBr,   +   2  { ^^^^^ 


or 


Zincic  Vinylic  Zincic  Ethyl-vinyl, 

ethide.  bromide.  bronaide. 

Methyl-allyl  differs  from  ethyl-vinyl. 

Character. — The  lower  members  of  this  series  of  dyad  radicals 
are  gaseous,  the  higher  solid,  and  the  intermediate  ones  liquid. 

The  following  list  includes  the  known  dyad  radicals  of  this 
series,  together  with  their  fusing-  and  boiling-points  : — 

Eusing-  Boiling- 
point,  point. 

Ethylene    C,H,     — — 

Propylene....   CgHg    17-8 

Pseudobutylene    C^Hg     :  7*0 

Isobutylene    C^Hg    5*0 

Butylene    C^H^      -f  3  0 

Amylene    ^^10      35  0 

Hexylene    ^^^12      39-0 

YOL.  II.  C 
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Fusing-  Boiling- 
point,  point. 

Heptylene  or  CEnanthylene . . .  C^H^^      55-0° 

Octylene  or  Caprylene   OgH^g      05 "0 

Nonylene   .'   CgH,,      125 

Paramylene    O^oH,;,   

Cetene    O^JI^^   

Cerotene    C,,h/,   57°  275 

Melene    C3X0   62  375. 

Reactions. — 1.  The  dyad  radicals  of  this  series  all  unite 
directly  with  chlorine,  bromine,  and  iodine,  producing  com- 
pounds which,  in  the  case  of  ethylene,  are  represented  by 

J  CH.Cl  J  CH.Br  J  CHJ 

t  CH^Cl  t  CH;Br  [  CHJ- 

Ethylenic  Ethylenic  Ethylenic 

dichloride.  dibromide.  diiodide. 

These  compounds,  when  treated  with  alcoholic  solution  of 
potassic  hydrate,  lose  one  molecule  of  a  hydracid,  thus  : — 

{clcl    +    ™°    =  +  +  OH, 

Ethylenic  Potassic  Potassic  Vinylic  chloride.  Water, 

dichloride.  hydrate.  chloride.  or  chlorinated 

ethylidene. 

The  monochlorinated  radical  thus  obtained  again  unites  with 
two  atoms  of  chlorine,  producing  chlorinated  ethylidenic  di- 
chloride, 

J  CHCICI 
tCH.Cl  ' 

which,  by  further  treatment  with  alcoholic  potash,  yields  dichlo- 
rinated  ethylidene  ;  and  so,  by  alternate  treatments  with  chlorine 
and  potassic  hydrate,  ethylene  becomes  transformed  into  tetra- 
chlorinated  ethylidene.  The  following  formulae  show  the  first, 
intermediate,  and  final  compounds  : — 

.  f  CH,     r  CKCl     f  "CH       f  CHCICI     1  CHCICI 


ICH,  1 


CH^Cl     ICH^Cl    1CH,C1  V'CH 


J  CHCICI  /"CCl  fCClCl,  JCCl, 
1  CHCICI     iCHCl,    t  CHCICI  YOCY 


ETHTLEIS^E  AND  ETHYLIDENE. 
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•  TetracUorinated  etliylidene  absorbs  two  additional  atoms  of 
chlorine,  producing  the  solid  dicarbonic  hexachloride: — 

fCCl, 

ICC13 

Dicarbonic  hexachloride. 

2.  The  dyad  radicals  of  the  ethylene  series  can  be  transformed 
into  the  monad  radicals  from  which  they  are  derived  If  ethylene 


be  digested  with  hydriodic  acid  for  50  hours  at  100^ 
transformed  into  ethylic  iodide  : — 

"1^^'^    +    HI  - 
\CH,    +    ±ii     _  \qji^i- 


C,  it 


Ethylene. 


Hydriodic 
acid. 


Ethylic 
iodide. 


Prom  this,  ethyl  may  be  prepared,  as  shown  at  p.  12. 
Isomerism  of  ethylene  and  ethylidene  compounds. — The  chlorides 
of  the  dyad  radicals  are  isomeric : — 

1.  With  the  chlorides  of  the  monochlorinated  normal  monad 
radicals. 

2.  With  the  chlorides  derived  from  the  aldehydes,  which, 
however,  are  identical  with  the  chlorides  of  the  monochlorinated 
normal  monad  radicals  : — 


J  CH,C1 
1  CH.Cl 

Ethylenic 
dichloride. 


1  CHCI, 

Ethylidenic  dichlo- 
ride (obtained  from 
aldehyde.) 


1  CHCi; 

Monochlorinated 
ethylic  chloride. 


These  substances,  when  treated  with  alcoholic  potash,  all 
yield  the  same  vinylic  chloride : — 

rCH^Cl     ,     -^j,^     _  /"CH 
1CH,C1    +  -  |CH,C1 


+    OK    +  KCl. 


+    OH,    +  KCl. 


Ethylenic  Potassic  Vinylic  Water.  Potassic 

dichloride.  hydrate.  chloride.  chloride. 

\CHC1,    +  -  ICH.CI 

Monochlorinated  Potassic  Vinylic  Water,  Potassic 

ethylic  chloride,  or  hydrate.  chloride.  chloride. 

Ethylidenic  dichlo- 
ride. 

But  certain  compounds  of  ethylene  yield  paralactic  acid, 
whilst  the  corresponding  compounds  of  ethylidene  give  lactic 

c  2 


-j-  KHo 

Potassic 
hydrate. 
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acid.    The  boiling-points  of  their  chlorides  also  differ,  ethy- 
lenic  dichloride  boiling  at  85°,  whilst  ethylidenic  dichloride 
boils  at  64° ;  on  the  other  hand,  ethylenic  oxide  boils  at  13°"5, 
whilst  ethylidenic  oxide  (aldehyde)  boils  at  20°. 
The  oxides  of  the  dyad  radicals  are  isomeric  : — 

1.  With  the  corresponding  aldehydes. 

2.  "With  the  alcohols  of  the  vinylic  or  C„H2„_iHo  series. 
The  nature  of  this  isomerism  is  seen  from  the  following  for- 
mulae : — 

CH  fCH,  r"CH 

CH,^        jCOH  \CH,Ho' 

Ethylenic  Acetic  Vinylic 

oxide.  aldehyde.  alcohol. 


1 


ETHYLENE. 

H  H 

CH            I  I 
Qjj^.     H— C  C— H 


L  J 


Molecular  weight —2^.    Molecular  volume  \  \  \.    \  litre  iveigTis 
14  critJis. 

Preparation. — See  general  methods  (p.  16). 
Reactions. — 1.  Decomposed  into  carbon  and  marsh-gas  by 
passing  through  a  red-hot  tube  : — 

ci:  =     +  c. 

Ethylene.  Marsh- 
gas. 

2.  Burns  in  chlorine  with  deposition  of  carbon : — 
+    2C1,    =    C,    +  4HC1. 

Ethylene.  Hydrochloric 

acid. 

3.  Ethylene  when  agitated  with  solution  of  potassic  perman- 
ganate is  oxidized,  oxalic  acid,  formic  acid,  and  carbonic  anhy- 
dride being  formed : — 


ACETYLENE. 
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Ethylene.  Oxalic  Water. 

acid. 

CA  +    O,    =     {Hqjj^    +    CO,    +  OH, 

Ethylene.  Formic  acid.  Carbonic  Water. 

anhydride. 

Etliylidene,  the  isomer  of  ethylene,  has  not  yet  been  isolated, 
unless  the  hydrocarbon  C2H^  derived  from  the  transformation  of 
ethyl  is  this  body.    The  constitutional  formula  of  ethylidene  is 

H 

r  CH3       H— 0— H 
1"CH-  I 
H— C 
U 


ACJSTrLUJSrU  or  C„H2n-2  SUBIUS. 

Acetylene  is  the  radical  belonging  to  this  series  which  is 
best  known.    The  series  comprises  the  following  members : — 

Acetylene   ^2^2- 

Allylene    Cfi^. 

Crotonylene   O^g. 

Valerylene    C.H^. 

These  radicals  stand  in  the  same  relation  to  the  alcohols  of 
the  vinylic  series  as  ethylene  bears  to  ethylic  alcohol.  They 
are  also  probably  capable  of  assumiog  tetrad  functions. 


ACETYLENE. 


'"C  H  or  i  H-cI-C-H  or  H-C-C-H 

Molecular  weight  =2Q.    Molecular  volume  \  \  \.    1  litre  weighs 
13  criths. 
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Preparation. — 1.  By  synthesis  from  its  elements.  When  an 
electric  arc  from  a  moderately  powerful  voltaic  battery  passes 
between  carbon  poles  in  an  atmosphere  of  hydrogen,  acetylene 
is  produced. 

2.  By  the  action  of  water  on  potassic  carbide : — 

C,K,    +    20H,    =    C,H,    +  2KHo. 

Potassic  Water.  Acetylene.  Potassic 

carbide.  hydrate. 

3.  By  the  action  of  heat  upon  olefiant  gas  or  the  vapour  of 
alcohol,  ether,  or  wood-spirit,  or  by  passing  electric  sparks 
through  marsh -gas  : — 

2CH,    =    C,H,    +  3H,. 

Marsh-gas.  Acetylene. 

4.  By  heating  the  vapour  of  methylic  chloride  to  low  red- 
ness : — 

2CH3CI    =    C,H,    +    2HC1    +  H,. 

Methylic  Acetylene.  Hydrochloric 

chloride.  acid. 

5.  By  passing  the  vapour  of  chloroform  over  ignited  copper : — 

2CHCI3    +    CU3    =    C,H,    -f  3'Cu',Cl,. 

Chloroform.  Acetylene.  Cuprous 

chloride. 

6.  By  the  action  of  calcic  carbide  upon  water : — 

C,Ca"    -f    20H,    =    C^H,    +  CaHo,. 

Calcic  Water.  Acetylene.  Calcic 

carbide.  hydrate. 

7.  From  vinylic  bromide,  one  of  the  derivatives  of  ethylene, 
acetylene  may  be  obtained  by  the  action  of  alcoholic  potash : — 

C,H3Br    +    KHo    =    C,H,    +    KBr    +  OH,. 

Vinylic  Potassic  Acetylene.  Potassic  Water, 

bromide.  hydrate.  bromide. 

8.  By  the  incomplete  combustion  of  bodies  containing  car- 
bon and  hydrogen: — 

4CH,    +    30,    =    2C,H,    +  60H,: 

]\Iarsh-gas.  Acetylene.  Water. 

2C,H,    +    O,    =    2G,H,    -f  20H,. 

defiant  gaa.  Acetylene,  Water. 

The  crude  acetylene,  obtained  by  any  of  these  processes,  is 


COMPOUNDS  OF  ACETYLENE.  23 

best  purified  by  passing  it  through  an  ammoniacal  solution  of 
cuprous  chloride,  with  which  it  forms  a  red  jjrecipitate  con- 

r  c;cu',H  Cu-cu  Cu-Cu 

tainiug  ^0  .  |      |  |  | 

I  C;Cu',H  H— C— C— 0— C— 0— H 

fc;cu',H 

2'C<C1,   +   2C,H,    +   OH,   =    ^  O  +  4HC1. 

ic;cu',H 

Cuprous  Acetylene.  Cuprosovinylie  Hydrochloric 

chloride.  ether.  (Acetylide  acid. 

of  copper.) 

If  ethylene  has  been  present  in  the  crude  acetylene,  the 
liquid  containing  the  red  precipitate  is  next  heated  to  boiling, 
in  order  to  decompose  a  compound  which  ethylene  forms  with 
copper.  The  cuprosovinylie  ether  is  then  collected  upon  a 
filter  and  washed.  On  heating  cuprosovinylie  ether  with 
hydrochloric  acid,  pure  acetylene  is  evolved :  — 

I  C  Cu'  H 

Jo'  '  +  4HC1  =  2C,H,  +  2'C<C1^  +  OH,. 
[  C;Cu',H 

Cuprosovinylie         Hydrochloric        Acetylene.  Cuprous  Water, 

ether.  (Acetylide  acid.  chloride, 

of  copper.) 

Reactions. — 1.  "When  cuprosoYinylic  ether  is  heated  with  zinc 
and  dilute  ammonia,  the  nascent  hydrogen,  evolved  b}^  the  action 
of  the  zinc  upon  the  ammonia,  unites  with  acet\dene,  producing 
ethylene : — 

rc;cu',H 


O  +    2H,    =    2C,H,    +    4Cu    +  OH 


c;cu',H 


•I ' 


Cuprosovinylie  Acetylene.  Water, 

ether, 

C,H,  +  H,  =  C,H,. 

Acetylene.  Ethylene. 

2.  Acetylene  is  absorbed  by  sulphuric  acid,  producing  vinyl- 
sulphuric  acid : — 

C,H,    +    SO.Ho^    =  SO,(C,H30)Ho. 

Acetylene.  Sulphuric  Vinyl- sulphuric 

acid.  acid. 
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3.  Acetylene  unites  with  bromine,  forming  acetylenic  dibro- 
mide : — 

'"C'A    +    Br,    =  "C",H,Br,. 

Acetylene.  Acetylenic 

dibromide. 

4.  By  agitating  acetylene  with  solution  of  potassic  perman- 
ganate, oxalic  acid  is  formed : — 

"JCH     ,     on     _  JCOHo 
|CH         ^'^^    -  iCOHo- 

Acetylene.  Oxalic  acid. 

Carbonic  anhydride  and  ormic  acid  are  simultaneously  pro- 
duced : — 

"{ci   +  =    {g^jj^  +C0, 


BROMACETYLENE. 

C,HBr. 

By  boiling  together  dibromethylenic  dibromide  with  alco- 
holic potash,  a  spontaneously  inflammable  gas  is  evolved,  which 
is  bromacetylene. 

{cilir    =    HBr    +    Br,    +  C.HBr. 

Dibromethylenic        Hydrobromic  Bromacetylene. 
dibromide.  acid. 


FHENYLI^NE  or  C„H2„_8  SEBIES. 
The  dyad  radicals  of  this  series  are  very  little  known. 
The  following  have  alone  been  isolated  : — 

Phenylene,  CgH^. 
Toluylene  or  Stilbene,  C-II^. 


NEGATIVE  RADICALS. 
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POSITIVE  RADICALS. 
TRIADS. 

These  radicals  are  unl^nown  in  the  separate  state,  "unless  they 
are  identical  with  the  dyad  radicals  of  the  acetylene  series  : — 


Acetylene.  Eormyl. 


They  are,  however,  well  known  in  a  numerous  class  of  com- 
pounds belonging  to  families  which  will  be  studied  hereafter. 


CHAPTER  lY. 

OEGA]N"IC  EADICALS. 

Class  II. 
NEGATirE  BADIGALS. 

Every  positive  radical  may  be  looked  upon  as  the  source  of  a 
negative  radical,  which  is  generated  by  displacing  a  portion  of 
the  hydrogen  of  the  former  by  oxygen.    Thus  : — 


C.H3O 
CK,0' 


Ethyl  I  ^2^5    yields  acetyl     |  T.^—a 

Allyl  (gg       „     acryl  {ggO 

Ethylene  (C,H,)"  „  glycolyl  (C,H,0)". 
Propylene    {C,^,)"     „    lactyl  (CgH.O)". 

malonyl  (C3H,0,)". 

The  constitution  of  the  so-called  compounds  of  these  negative 
radicals  may,  however,  be  more  simply  explained  from  another 
point  of  view  ;  and,  in  fact  it  will  rarely  be  necessary  for  us  to 
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recognize  the  existence  of  more  than  two  negative  radicals,  in 
order  to  understand  the  whole  range  of  negative  organic  com- 
pounds.   These  are : — 


Cyanogen  •  |  g^,'".  N-C— 


— C— N 


Oxatyl,  the  molecule  0=C — 

of   which   is  dry 


oxalic  acid. 


ICOHo-  ^ 

I 


I 

o 

H  i 


These  two  radicals  are  the  acidifying  principles  of  nearly  all 
organic  acids ;  they  are,  therefore,  highly  important  compounds. 
The  semimolecule  of  each  consists  of  an  atom  of  carbon,  one 
bond  of  which  is  free  to  combine  with  other  elements  or  groups 
of  elements,  the  other  three  bonds  being  saturated,  in  cyano- 
gen by  triad  nitrogen,  and  in  oxatyl  by  one  atom  of  oxygen 
and  one  semimolecule  of  hydroxy!.  In  the  molecules  of  both, 
the  two  free  bonds  of  the  carbon  saturate  each  other. 

These  radicals  are  closely  related  to  each  other.  Thus,  if 
cyanogen  be  dissolved  in  water,  it  is  soon  transformed  into 
ammonic  oxalate : — 

|CN"'    +  -  1C0(N"H,0)- 

Cyanogen.  Water.  Ammonic  oxalate. 

In  the  presence  of  potassic  hydrate,  cyanogen  evolves  ammonia 
and  produces  potassic  oxalate  : — 

{g^;::  +  2xho  +  20H,  =  {go|^  +  ^mi,. 

Cyanogen.  Potassic  Water.  Potassic  Ammonia, 

hydrate.  oxalate. 


Prom  these  salts,  oxalic  acid,  or  the  molecule  of  oxatyl,  may 
be  readily  obtained  by  the  action  of  sulphuric  acid. 


CYANOGEN  AND  HYDROCYANIC  ACID. 
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In  the  converse  manner,  oxatyl  may  be  converted  into  cya- 
nogen, by  transforming  it  into  ammonic  oxalate  and  submitting 
this  salt  to  the  action  of  heat : — 

fCO(N'H,0)    _  rCN"' 

Ammonic  oxalate.  Water.  Cyanogen. 


CYANOGEN. 

Molecular  weight  =d2.    Molecular  volume  rTl-    \  litre  weighs 
26  criths.    Fuses  at  —34°.    Boils  at  — 20°-7. 

Occurrence. — Amongst  the  gases  of  blast  furnaces, — a  proof 
of  its  withstanding  an  extremely  high  temperature. 

Preparation. — Ey  the  action  of  heat  on  mercuric  cyanide  : — 

HgCy,    =    Hg    +  Cy,. 

Mercuric  Cyanogen, 
cyanide. 

This  equation  only  partially  expresses  the  reaction,  as  a  brown 
non-volatile  compound  (paracyanogen),  Cy„,  is  simultaneously 
produced. 

Reaction. — Cyanogen  unites  directly  with  potassium  : — 
Cy,    +    K,    =  2KCy. 

Cyanogen.  Potassic 
cyanide. 


HYDEOCTANIC  ACID. 

{nc 

Molecular  weight  =-27 .  Molecular  volume  III.  \  litre  of  hy- 
drocyanic acid  vapour  weighs  13 "5  criths.  Sp.  gr.  of  liquid 
07058.    Fuses  at  —15°.    Boils  at  26°-5. 
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Preparation. — 1.  In  the  anhydrous  condition,  by  passing 
hydrosulphuric  acid  over  mercuric  cyanide  : — 

HgCy,    +    SH,    =    HgS"    +  2HCy. 

Mercuric  Sulphuretted         Mercuric  Hydrocyanic 

cyanide.  hydrogen.  sulphide.  acid. 

2.  By  distilling  potassic  cyanide,  or  ferrocyanide,  with  dilute 
sulphuric  acid : — 

2KCy    +    SO.Ho,    =    2HCy    +  SO^Ko,. 

Potassic  Sulphuric  Hydrocyanic  Potasssic 

cyanide.  acid.  acid.  sulphate. 

3.  By  passing  nitrogen  over  an  ignited  mixture  of  potassic 
carbonate  and  carbon : — 

COKo,    -f  +  =    2KCy     +  SCO. 

Potassic  Potassic  Carbonic 

carbonate.  cyanide.  oxide. 

The  potassic  cyanide  thus  formed  is  then  treated  according 
to  process  No.  2. 

4.  By  heating  together  an  alcoholic  solution  of  ammonia, 
chloroform,  and  potassic  hydrate  : — 

NH3  +  CHCI3  +  3KHo  =  3KC1  +  NCH  +  30H,. 

Ammonia.      Chloroform.  Hydrocyanic 

acid. 

Reactions. — 1.  Hydrocyanic  acid  in  contact  with  water  slowly 
passes,  partly  into  ammonic  oxalate  as  mentioned  at  p.  26,  and 
partly  into  ammonic  formate : — 

NCH    +    20H,    =  {cO(N^H,0). 

Hydrocyanic  Water.  Ammonic 

acid  formate. 

2.  If  hydrocyanic  acid  be  mixed  with  concentrated  hydro- 
chloric acid,  formic  acid  and  ammonic  chloride  are  produced : — 

NCH    +    20H,    +    HCl    =    {cOHo  + 

Hydrocyanic         Water.  Hydrochloric  Formic  Ammonic 

acid.  acid.  acid.  chloride. 

3.  The  displacement  of  the  hydrogen  in  hydrocyanic  acid  by 
metals  gives  rise  to  a  very  extensive  series  of  single  and  double 
cyanides.  The  following  is  a  list  of  the  most  important  of 
these  compounds : — 
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Single  Cyanides. 

Potas sic  cyanide   KCy. 

Zincic  cyanide    ^^^C^yg. 

Cadmic  cyanide    CdCy  . 

Nickel  ous  cyanide   NiCy^. 

Argentic  cyanide    -^gCJy. 

Mercuric  cyanide    HgCya 

Aureus  cyanide   AuCy. 

Cuprous  cyanide    'C5u'^Cy2. 

Perrons  cyanide   FeCy2. 

Cobaltous  cyanide   CoCy,. 

Double  Cyanides. 

Dipotassic  zincic  tetracyanide    K^Zn",  Cy^. 

Dipotassic  cadmic  tetracyanide    'K^Cd^' ,  Cy^. 

Dipotassic  nickelous  tetracyanide    K^^i",  Cy^. 

Potassic  argentic  dicyanide    KAg,  Cy2. 

Potassic  aurous  dicyanide   KAu,  Cj^. 

Potassic  auric  tetracyanide    KAu",  Cy^. 

Dipotassic  cuprous  tetracyanide    K2'Cu'2,  Cy^. 

Dipotasssic  platinous  tetracyanide    K^Pt",  Cy^. 

Tetrapotassic  diplatinic  decacyanide    K^/Pf'^Cy^Q. 

Tetrapotassic  ferrous  hexacyanide.  (Po- 
tassic ferrocyanide.)    K^,  Pe"Cye. 

Hexapotassic  diferric  dodecacyanide.  (Po- 
tassic ferricyanide.)    Kg,  ''E'q"\Cj^^. 

Hexapotassic  dicobaltic  dodecacyanide. 

(Potassic  cobalticyanide.)   Kg,  '^^'"S^Ji^- 

Hexapotassic  dichromic  dodecacyanide  ...  'K^,'Cv"\Cj^^. 

Hexapotassic  dimanganic  dodecacyanide . . .  Ke'Mn"'2,  Cy^g* 

Tlie  cyanides  of  the  alkali  metals  wlien  fused  in  contact  with 
air,  absorb  oxygen,  producing  cyanates : — 

KCy    +    O    =  CyKo. 

Potassic  Potassic 
cyanide.  cyanate. 

Some  of  the  single  cyanides,  as  potassic  cyanide,  are  readily 
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decomposed  by  acids ;  others,  as  ferrous  and  aurous  cyanides, 
may  be  boiled  witli  moderately  strong  acids  without  decom- 
position. 

Most  of  the  insoluble  single  cyanides  dissolve  in  solutions  of 
the  alkaline  cyanides,  forming  double  cyanides.  Some  of  these 
double  compounds,  when  acted  upon  by  hydrochloric  acid,  evolve 
hydrocyanic  acid,  producing  chlorides  of  both  metals,  as  in  the 
case  of  dipotassic  zincic  tetracyanide.  These  are  called  easily 
decomposahle  cyanides,  and  are  indicated  in  the  above  Table  by 
the  comma  being  placed  between  the  cyanogen  and  the  metals. 

Other  double  cyanides  do  not  evolve  hydrocyanic  acid 
under  the  influence  of  hydrochloric  acid,  but  produce  a 
chloride  of  one  of  the  metals,  the  remaining  elements  of  the 
compound  uniting  with  hydrogen  to  form  a  complex  acid.  In 
the  above  Table  the  double  cyanides  of  this  class  are  indicated  by 
the  comma  being  placed  between  the  metals. 

The  most  important  of  these  double  cyanides  are  the  po- 
tassic  ferrocyanide  K^,  Ee"Cyy,  and  the  potassic  ferricyanide 


POTASSIC  FERROCYANIDE. 

K„Fe"Cy3  0rK,Cfy. 

JPreparation. — 1.  By  placing  a  mixture  of  iron  filings  and 
solution  of  potassic  cyanide  in  contact  with  the  air,  oxygen  is 
absorbed  and  potassic  ferrocyanide  produced : — 

Fe  +   6KCy  +   OH,  +   O   =  +  2KHo. 

Potassic  Water.  Potassic  Potassic 

cyanide.  ferrocyanide.  hydrate. 

2.  By  digesting  potassic  cyanide  with  ferrous  sulphide: — 

FeS"    +    6KCy    =    K,re"Cye    +  SK,. 

Ferrous  Potassic  Potassic  Potassic 

sulphide.  cyanide.  ferrocyanide.  sulphide. 

3.  On  a  manufacturing  scale  it  is  prepared  by  fusing  nitroge- 
nous animal  matter  with  potassic  carbonate  and  iron  filings  in 
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iron  vessels,  lixiviating  the  resulting  mass  with  water,  and  crys- 
tallizing, 

Reactions. — 1.  Potassic  ferrocyanide,  when  fused  with  po- 
tassic  carbonate,  forms  potassic  cyanide  and  cyanate : — 

WCy.K,  +  COKo,  =  5KCy  +  CyKo  +  Te  +  CO,. 

Potassic  Potassic  Potassic  Potassic  Carbonic 

ferrocyanide.  carbonate.  cyanide.  cyanate.  anhydride. 

2.  By  mixing  solution  of  potassic  ferrocyanide  with  ether  and 
hydrochloric  acid,  hydroferrocyanic  acid  is  precipitated : — 

Ee"Cy3K,    +    4HC1    =    4KC1    +  Fe'CygH,. 

Potassic  Hydrochloric  Potassic  Hydroferrocyanic 

ferrocyanide.  acid.  chloride.  acid. 

3.  Potassic  ferrocyanide  produces,  with  solutions  of  ferrous 
salts,  a  light-blue  precipitate,  which  rapidly  becomes  dark  blue 
in  contact  with  the  air : — 

Ee"Cy,K,    ^    SO.Peo"    =    Pe"CyePe"K,    +  SO.Ko,. 

Potassic  Ferrous  Light-blue  Potassic 

ferrocyanide.  sulphate.  precipitate.  sulphate. 

4.  With  ferric  salts  it  gives  prussian  blue : — 
SEe'CygK,  +  2Fe,Cle   =    3Pe"Cy„  2'Pe"',Cy6  +  12KC1. 

Potassic  Ferric  Prussian  blue.  Potassic 

ferrocyanide.  chloride.  chloride. 

5.  "With  cupric  salts  it  gives  a  red  precipitate  of  cupric  ferro- 
cyanide : — 

K,Pe"Cy,    +    2SO,Cuo"   =    Cu",Pe"Cy,    +  2S0,Ko,. 

Potassic  Cupric  Cupric  Potassic 

ferrocyanide.  sulphate.  ferrocyanide.  sulphate. 


POTASSIC  FEERICYANIDE. 

Ke,  'Pe"',Cy,,  or  K^Cfdy. 

Preparation.— the  action  of  oxidizing  substances,  such  as 
chlorine  or  nitric  acid,  on  potassic  ferrocyanide : — 

2K,T'e"Cye    +    CI,    =    KeTe"',Cy,,    +  2KC1. 

Potassic  Potassic  Potassic 

ferrocyanide.  ferricyanide.  chloride. 
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Meaction. — Potassic  ferricyanide  produces  no  precipitate  with 
solutions  of  ferric  salts,  but  causes  a  deep-blue  precipitate  with 
ferrous  compounds : — 

K,'Ee"',Cj,,  +  SSO^Eeo"  =  Pe'VW.Cy,,    +  3SO,Ko,. 

Potassic  Ferrous  sulphate.  Turnbull's  blue.  Potassic 

ferricyanide.  sulphate. 


OTHER  COMPOUNDS  OF  CYANOGEN. 

There  are  three  isomeric  chlorides  of  cyanogen  : — 
CyCl.  Cy.Cl,.  073013. 

Gaseous.  Liquid,  Solid. 

The  molecular  volume  of  all  tliree  cyanic  chlorides  is  fTI' 

1  litre  of  gaseous  cyanic  chloride  weighs    30"  75  criths. 

\  litre  of  vapour  of  liq^uid  cyanic  chloride  weighs .. .  61  "5  „ 
1  litre  of  vapour  of  solid  cyanic  chloride  weighs  ...  92  "25  „ 

Cyanogen  produces,  with  hydroxyl,  three  isomeric  acids  and 
an  isomeric  neutral  body  : — 

Cyanic  acid   CyOH  or  CyHo. 

Cyanuric  acid    CygOgllg  or  Cyglloy. 

Eulminuric  acid    Cyfi.^^  or  CygHOg. 

Cyamelide    Cy,;0„H„  or  Cy„Ho,j. 

When  potassic  cyanide  is  boiled  with  sulphur,  the  latter  is 
dissolved  and  the  solution  contains  potassic  sulphocyanate  : — 

CyK    +    S    =  CyKs. 

Potassic  Potassic 
cyanide.  sulphocyanate. 

This  compound  produces  with  ferric  salts  a  blood-red  colour. 


OXATYL. 

rcoHo 

ICOHo* 

This  radical,  in  the  isolated  condition,  constitutes  dry  oxalic 


OXATYL. 
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acid  ;  and  in  combination  with  hydrogen  and  other  radicals  it 
enters  into  the  composition  of  nearly  all  organic  acids.  Acids 
containing  one  semimolecule  of  oxatyl  are  monobasic,  those 
containing  two  are  dibasic,  and  those  containing  three  are  tri- 
basic. 

The  relations  between  methyl,  oxatyl,  and  cyanogen  are  very 
simple : — 


H  H 

,  I 
H— C 

I 

H 


H 


Methyl. 


Cyanogen. 


o=c— 

I  : 

O  i 


^  OxatyL 


H 


H 


In  methyl  the  two  carbon  atoms  a.re  united  together  by  one 
bond  of  each,  the  remaining  three  bonds  of  each  atom  being  satu- 
rated by  three  atoms  of  hydrogen.  In  cyanogen  the  carbon 
atoms  are  united  in  the  same  manner,  but  the  three  remaining 
bonds  of  each  carbon  atom  are  saturated  by  triad  nitrogen ; 
whilst  in  oxatyl  the  three  remaining  bonds  are  saturated  with 
the  dyad  element  oxygen  and  the  monad  radical  hydroxyl. 

Oxatyl  has  not  been  united  with  chlorine  to  produce  oxatylic 
chloride  (COHoCl) ;  nor  has  its  hydroxyl  been  replaced  by 

{COCl 
COCr     When  treated  with  phosphoric 

chloride,  it  yields  carbonic  oxide  and  carbonic  anhydride  : — 
{cOHo  +  ^^^^  =  CO  +  CO,  +  2HC1  +  POCI3. 

Oxatyl.        Phosphoric    Carbonic     Carbonic   Hydrochloric  Phosphoric 
chloride.       oxide.      anhydride.       acid.  oxytrichloride. 


VOL.  II. 
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OXALIC  ACID. 

{cOHo'^OH.  (crystallized). 

Occurrence. — In  the  form  of  tlie  hydric  potassic  salt  in  Oxalis 
acetosella,  and  in  the  form  of  different  salts  in  many  other 
plants,  and  also  in  the  animal  organism. 

Preparation. — 1.  From  its  elements  througli  tlie  medium  of 
potassic  cyanide.    (See  pp.  26  &  28.) 

2.  By  passing  carbonic  anhydride  over  heated  sodium  : — 

2C0.    +    Na.    =  {gO^ao 

'Carbonic  Sodic  oxalate, 

anhydride. 

3.  By  the  oxidation  of  a  large  number  of  organic  compounds. 
Most  organic  substances  are  converted  by  oxidizing  agents 
into  oxalic  acid  before  their  final  transformation  into  carbonic 
anhydride  and  water :  thus  sugar  is  transformed  into  oxalic 
acid  by  the  action  of  nitric  acid. 

4.  By  heating  sawdust  with  a  mixture  of  potash  and  soda, 
oxalates  of  these  bases  are  formed. 

Transformations. — 1.  By  the  action  of  heat,  oxalic  acid  is 
traDsformed  into  carbonic  anhydride  and  oxatylic  hydride,  or 
formic  acid : — 

rcoHo  _  CO  4- 

tCOHo    -    ^^-^  ICOHo- 

Oxalic  acid.  Carbonic  Formic  acid, 

anhydride. 

A  portion  of  the  formic  acid  is  at  the  same  time  decomposed 
into  water  and  carbonic  oxide : — 

{cOHo    =  +  CO. 

Formic  acid.  Water.  Carbonic 

oxide. 


2.  Substances  having  a  strong  attraction  for  water,  such  as  sul- 
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phuric  acid,  transform  oxalic  acid  into  water,  carbonic  oxide, 
and  carbonic  anhydride : — 

{c8ho    =    CO    +    CO,    +  OH,. 

Oxalic  acid.  Carbonic         Carbonic  Water, 

oxide.  anhydride. 

8.  Heated  with  an  excess  of  alkali,  oxalic  acid  (or  an  oxalate) 
yields  hydrogen  and  a  carbonate : — 

{cOKo    +  =    2COKo,    +  H,. 

Potassic  Potassie  Potassic 

oxalate.  hydrate.  carbonate. 

4.  Argentic  oxalate  explodes  when  heated,  producing  silver 
and  carbonic  anhydride : — 

jcOAgo    -    "^^^^  + 

Argentic  Carbonic 
;  oxalate.  anhydride. 

Salts  of  Oxalic  acid. — Oxalic  acid  forms  three  series  of  salts : — 
Normal.  Acid.  Superacid. 

r  COKo  f  COHo  /  COHo    J  COHo 

I  COKo'  jCJOKo-  \COKo'    [  COHo* 

^'COHo 
fCO-  ' 


\  ,ni/-.Bao".  Bao 
l I  CO 


CO 

Bao"  . 
CO 
l^COHo 


OXAMIC  ACID. 

rco(N"'H,)  rcoAd 

tCOHo  jCOHo- 

Preparation. — By  heating  hydrie  ammonic  oxalate  to  230° : — 
fCO(N'H;0)    _  |CO(N-H,) 
\COHo  ~    jCOHo  + 

Hydric  ammonic  Oxamic  acid.  Water, 

oxalate. 

Beaction. — By  boiling  oxamic  acid  with  water  it  is  retrans- 
formed  into  hydric  ammonic  oxalate. 

D  2 
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OXAMIDE. 

Preparation. — 1.  By  distilling  normal  amnionic  oxalate  : — 
fCO(NvH,0)    _  +  JCO(N"'HJ 

Normal  amnionic  Water.  Oxamide. 

oxalate. 

2.  By  acting  upon  ethylic  oxalate  by  ammonia : — 

rcoEto   ,   ™^   _   fco(]sr"'H,)  , 

jcOEto    +  -    |C0(N"'H,)    +  2^*^^- 

Ethylic  Ammonia.  Oxamide.  Alcohol, 

oxalate. 

Reactions. — 1.  Oxamide,  wlien  heated  with  phosphoric  anhy- 
dride, evolves  cyanogen : —  , 

Oxamide.  Water.  Cyanogen. 

2.  Dilute  acids  convert  it  into  oxalic  acid  and  ammonic 
salts : — 

fCO(N"'H,)       ,       QHTT         .      90TT  JCOHo 

icO(N"'H;)    +  +  =  jcQjj^ 

Oxamide.  Sulphuric  acid.  Water.  Oxalic  acid. 

+  SO,(NvH,0),. 

Ammonic  sulphate. 

By  distilling  the  oxalates  of  the  compound  ammonias  instead 
of  ammonic  oxalate,  compound  oxamides  are  obtained  : — 

rC0(N^MeH30)    _    o^tt     _i_    /  CO(N"'MeH) 
lC0(N^MeH30)    ~    "^^^^  lCO(N"'MeH)  ' 

Methylammonic  oxalate.  Water.  Dimethyloxamide. 

rC0(N-PhH30)    ^     o„  rCO(N"ThH) 
\C0(JSr'PhH30)    ~  +  \CO(N"'PhH)- 

Phenylammonic  oxalate.  Water.  Diphenyloxamide. 


HYDRIDES  OF  THE  POSITIVE  RADICALS. 
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CHAPTER  V. 

HYDRIDES  OF  THE  ORGANIC  RADICALS. 

This  family  is  divided  into  two  classes  : — 

Class    I.  Hydrides  of  the  Positive  Radicals. 
Class  II.  Hydrides  of  the  Negative  Radicals. 


Class  I. 

KTDBIDES  OF  TUB  POSITIVE  RADICALS, 
Two  series  of  hydrides  belonging  to  this  class  are  well  known ; 
they  are : — 

1.  Hydrides  of  the  Radicals  of  the  Methyl  series. 

2.  Hydrides  of  the  Radicals  of  the  Phenyl  series. 


1.  MYBBIBUS  OF  THE  BABIGALS  OF  THE 
METHYL  SERIES,  Marsh-gas  or  C^Hg^+g  Series. 

There  is  some  difference  of  opinion  as  to  whether  these  com- 
pounds are  identical  or  isomeric  with  the  radicals  of  the  methyl 
series.  Thus  methyl  and  ethylic  hydride  both  contain  C2Hg, 
and  ethyl  and  butylic  hydride  both  contain  C^H^,,.  The  graphic 
formulae  exhibit  no  difference  between  these  pairs  of  bodies  re- 
spectively.   Thus : — 

H  H  ^  H  H 

I 

H- 


H 

I 

-C— 


h  H 


H 


-C- 
I 

H 


-H 


— C— C— ; 


H  H 


H 


-C- 
I 

H 


-H 


Methyl  or  ethylic  hydride. 


Ethyl  or  butylic  hydride. 

These  formulae  do  not  show  us  whether  the  molecule  of 
methyl  or  ethylic  hydride  will  separate  at  a  and  so  be  represented 
by  the  formula  |  ^(^■^3)^2^  ^  -^^  written  thus, 
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;  or  whether  the  molecule  of  ethyl  or  butylic  hydride 

3   i)   2 — Qj.  at  d, 

when  it  should  be  represented  by  |  q^qjj^^^^  •  Some  experi- 
ments in  connexion  with  this  subject  appear  to  show  that  these 
compounds  are  isomeric. 

A  dilFerence  between  methyl  and  ethylic  hydride  can  only 
be  conceived  on  the  supposition  that  the  four  bonds  of  carbon 
have  not  equal  values  in  combination,  an  hypothesis  which  is  not 
altogether  unsupported  by  facts. 

Freparation. — 1.  There  is  only  one  process  of  general  applica- 
tion for  preparing  these  hydrides  ;  it  consists  in  bringing  water 
into  contact  with  the  zinc  compounds  of  the  respective  radi- 
cals : — 

Zn(C.H,„+02    +    20H,    =    ZnHo,    +  2{^^^^'^+^- 

Zinc  compound  Water.  Zincic  Hydride  of 

of  radical.  hydrate.  radical. 

The  corresponding  compounds  containing  more  positive 
metals  might  doubtless  be  substituted  for  those  of  zinc. 

2.  There  are  several  special  processes  which  may  be  used  for 
preparing  these  hydrides.  Thus  all  the  hydrides  above  that  of 
methyl  may  be  obtained,  together  with  the  corresponding  dyad 
radical,  by  acting  upon  the  iodide  of  the  monad  radical  by 
zinc : — 

Iodide  of  the  monad  Zincic  Dyad  Hydride  of 

radical.  iodide.  radical.  monad  radical. 

Methylic  hydride,  or  marsh-gas,  is  produced  during  putre- 
faction, and  by  the  distillation  of  potassic  acetate  with  excess 
of  potassic  hydrate. 

The  destructive  distillation  of  coal  and  of  allied  substances 
also  furnishes  a  large  number  of  the  members  of  this  series. 

Character. — They  are  all  distinguished  by  their  great  chemical 
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indiff'erence,  and  by  their  forming  substitution  compounds  con- 
taining chlorine,  bromine,  &c. 

The  following  list  contains  the  hydrides  of  the  monad  radicals 
hitherto  studied : — 


Boiling-points. 


Methylic  hydride,  or  Marsh-gas. . . . 

or  C 

or  Hg 

or  C3 

or  C4  H,o 

slightly  above  0° 

30° 

CpH 

or  Cg  H,, 

68° 

92-  94° 

116-118° 

136-138° 

160-162^ 

180-184° 

196-200° 

216-218° 

236-240° 

255-260° 

METHYLIC  HYDRIDE,  Marsh-gas,  Light  Carhuretted 
Hydrogen,  Mre-damjp. 
CH,  or  MeH. 

Molecular  weight  =16.    Molecular  volume  I  I  I.    1  litre  weighs 
8  criths. 

Occurrence. — 1.  As  a  product  of  the  decomposition  of  orga- 
nic substances  out  of  contact  with  air. 

2.  Evolved  in  coal-mines. 

3.  The  gas  of  the  mud- volcano  at  Bulganak  in  the  Crimea  is 
nearly  pure  marsh-gas. 

Preparation. — 1.  By  the  action  of  water  on  zincic  methide. 
(See  general  reaction,  p.  38.) 

2.  By  distilling  two  parts  of  potassic  acetate,  two  of  potassic 
hydrate,  and  three  of  lime : — 

{coko  +         =  ^^o^"^  + 

Potassic  Potassic  Potassic  Methylic        .  , 

acetate.  hydrate.  carbonate.  hydride. 
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3.  By  the  reduction  of  carbonic  chloride  or  of  chloroform 
with  sodium  amalgam  and  water : — 

CCl,    +    H,    =    4HC1    +  CH,: 

Carbonic  Hydrochloric  Methylic 

chloride.  acid.  hydride. 

CHCI3    +  =    3HC1    +  CH,. 

Chloroform.  Hydrochloric  Methylic 

acid.  hydride. 

4.  By  passing  carbonic  disulphide  and  hydrosulphuric  acid, 
or  carbonic  disulphide  and  steam,  over  ignited  copper : — 

CS",    +    2SH,    +    4Cu    =    4CuS"    +  CH,. 

Carbonic         Sulphuretted  Cupric  Methylic 

disulphide.  hydrogen.  sulphide.  hydride. 

5.  By  the  destructive  distillation  of  organic  substances,  such 
as  wood  and  coal. 

Beactions. — 1.  "When  equal  volumes  of  methylic  hydride  and 
chlorine  are  exposed  to  diffused  daylight,  methylic  chloride  is 
formed : — 

CH,    +    CI,    =    HCl    +  CH3CI. 

Methylic  Hydrochloric  Methylic 

hydride.  acid.  chloride. 

2.  When  methylic  hydride  is  passed  through  a  red-hot  tube, 
hydrogen,  ethylene,  acetylene,  and  ethylic  hydride  are  pro- 
duced. 

ETHYLIC  HYDRIDE. 

C,Hg  or  CMeHg. 

Molecular  weight  =30.    Molecular  volume  ppi.   1  litre  weighs 
15  criths. 

Freparation. — 1.  By  the  action  of  water  on  zincic  ethide 
(see  p.  38). 

2.  By  the  action  of  ethylic  iodide  on  sodic  ethide,  ethylene 
being  simultaneously  produced  : — 

CMeH^Na   +    CMeHJ    =    Nal  -f   C,H,  +  CMeH,. 

Sodic  ethide.  Ethylic  Sodic  Ethylene.  Ethylic 

iodide.  iodide.  hydride. 


AMYLIC  HYDRIDE. 
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Beactions. — 1.  "When  equal  volumes  of  ethylic  hydride  and 
chlorine  are  exposed  to  diftused  daylight,  the  following  action 
takes  place  : — 

CMeH3    -\-    C\    =    CMeH.Cl    +  HCl. 

Ethylic  /3  Ethjlic  Hydrochloric 

hydride,  chloride.  acid. 

A  small  portion  of  the  body  CMeH^Cl  is  ordinary  ethylic 
chloride,  which  is  a  liquid,  boiling  at  12°"5  ;  but  the  rest  is  a  gas 
which  does  not  condense  at  —18°. 

2.  When  a  mixture  of  two  volumes  of  chlorine  and  one  of 
ethylic  hydride  is  exposed  to  the  action  of  diffused  daylight,  an 
oily  liquid  having  the  composition  of  ethylenic  dichloride  is 
formed : — 

CMeH3    +    2C1,    =    C,H,C1,    +  2HC1. 

Ethylic  Hydrochlorio 
hydride.  acid. 


AMTLIC  HYDRIDE. 

C,H,,  or  CBuH,. 

Molecular  iveigJit  =72.     Molecular  volume  [~J~1.     1  litre  of 
amylic  hydride  vapour  weighs  36  criths.    JBoils  at  30°. 

Occurrence. — In  petroleum  and  coal-oil. 
Preparation. — By  digesting  zinc  and  amylic  iodide  with 
water  or  alcohol  at  100° : — 

2CBuH,I    +    2Zn    +    20H,    =  2CBuH, 

Amylic  Water.  Amylic 

iodide.  hydride. 

-f    ZnHo,    +  Znl^. 

Zincic  Zincic 
hydrate.  iodide. 


PARAFFIN. 

This  body  is  produced,  together  with  numerous  other  com- 
pounds of  a  like  nature,  by  the  destructive  distillation  of  bog- 
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head  coal  and  similar  substances.  It  is  also  found  in  petroleum 
and  asphalt.  Chlorine  has  no  action  upon  paraffin  in  the 
cold ;  but  if  it  be  passed  into  melted  paraffin,  the  latter 
is  slowly  attacked,  hydrochloric  acid  being  evolved.  In 
this  reaction  paraffin  resembles  the  hydrides  of  the  monad 
radicals,  and  differs  from  the  dyad  radicals,  to  which  class  it 
was  formerly  considered  to  belong.  In  the  formula  C„H2„+2  ^ov 
paraffin,  the  value  of  n  has  not  yet  been  satisfactorily  deter- 
mined ;  in  fact  it  is  probable  that  several  distinct  hydrides  of 
the  class  now  under  consideration  are  confounded  under  this 
name. 


2.  HYDEIDES  OF  THE  BADICALS  OF  TRF 
FHENTL  SFEIFS. 
The  following  six  members  of  this  series  are  known,  viz. : — 

Boiling- 
Formulae,  points.  Sp.  gr. 


o 

Pentol   CgH,  60*0  - — 

Benzol    Cg  80-5  0-85 

Toluol   C,H,  110-0  0-87 

Xylol   C,H,„  128-5   

Cumol   148-5  0-87 

Cymol   C,oH,,  171-4  0-86 


Freparation. — 1.  These  hydrides  are  produced  by  the  distilla- 
tion of  the  alkaline  salts  of  the  acids  containing  the  same  posi- 
tive radicals,  with  excess  of  potassic  hydrate : — 

{cOKo"'    +  =    COKo,    +  {^'H-'. 

Potassic  salt.  Potassic  Potassic  Hydride  of 

hydrate.  carbonate.  radical. 

2.  By  the  destructive  distillation  of  various  organic  sub- 
stances, such  as  coal. 

Methyl-phenyl,  C^H-Me,  is  ordinary  coal-tar  toluol. 

Ethyl-phenyl,  CgH-Et,  is  not  xylol  from  coal-tar ;  it  boils 
at  135°,  six  or  seven  degrees  above  the  boiling-point  of  coal-tar 
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xylol.  Ethyl-phenyl  produces  a  nitro-compound  which  can  be 
distilled ;  it  boils  at  233°.  Ethyl-phenyl,  when  oxidized  by 
chromic  acid,  gives  benzoic  acid  and  carbonic  anhydride,  while 
xylol  gives  terephthalic  acid. 

Xylol  from  coal-tar  is  dimethyl-benzol  or  methyl-benzyl, 
CgH^Me2.  It  may  be  produced  by  the  action  of  bromotoluol 
upon  methylic  iodide  in  presence  of  sodium. 

Diethyl-benzol,  by  oxidation  with  chromic  acid,  gives  water, 
carbonic  anhydride,  and  terephthalic  acid : — 

C,H,Et,  +  120   =  C,H,(COHo),  +  2C0,  +  40H,. 

Diethyl  benzol.  Terephthalic  acid. 

Oxidized  with  dilute  nitric  acid,  it  gives  ethylbenzoic  acid  : — 
C,H,Et,  +  60  =  C,H,Et(COHo)  +  CO,  +  20H,. 

Diethyl-benzol.  Ethyl-benzoic  acid. 

Cymol  from  cumin  oil  and  from  camphor  are  isomeric. 

Methyl-xylol  or  trimethyl-benzol,  CyHgMeg,  is  the  cumol  of 
tar.  It  boils  at  1G5°-166°,  and  gives  a  compound  with  bromine 
fusing  at  72°-73° 

Ethyl-xylol,  dimethyl  ethyl-benzol,  C.HgMe.Et,  boils  at  183°- 
184°,  and  by  oxidation  gives  acetic  acid  and  an  acid  resembling 
terephthalic. 

Properties. — These  hydrides  are  distinguished  from  those  of 
the  radicals  of  the  C^Hg^+i  series  by  being  less  indifferent  to 
chemical  agents.  By  treatment  with  strong  nitric  acid  they 
yield  nitro- compounds  : — 

Thus  Pentol,  C.  H^,  gives  nitropentol,  Kg  (N^O,)  ?  ' 
„  Benzol,  C,  H„  „  nitrobenzol,  (N^OJ. 
„  Toluol,  C,Hy,  „  nitrotoluol,  C^H,  (N^OJ. 
„  Xylol,  C,H,o,  „  nitroxylol,  C,  H,  (Js-oj. 
„  Cumol,  Cg  IIj2,  „  nitrocumol,  Cg  Hji(!N^02). 
„     Cymol,  C,,H,„    „    nitrocymol,  C,,^,,Q^^O,). 

Under  the  influence  of  reducing  agents,  these  nitro-compounds 
yield  aniline  and  its  homologues. 

Pure  nitrotoluol  is  solid  at  ordinary  temperatures.    It  boils 
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at  237°.  By  reduction  it  gives  toluidiue ;  and  hy  the  action  of 
potassic  chromate  and  sulphuric  acid,  paranitrobenzoic  acid  or 
nitrodracylic  acid  is  formed. 

So-called  liquid  nitrotoluol  is  a  mixture  of  nitrobenzol  and 
nitrotoluol. 


BENZOL,  Benzene,  Benzine,  Bhenylic  Hydride, 
Bicarhuret  of  Hydrogen. 
C,TL,  or  PhH. 

H  H 

I  I 

/  \ 
H— C       C— H 


Molecular  weight  =78.  Molecular  volume  ppl.  1  litre  of 
benzol-vapour  weighs  39  criths.  Fuses  at  5°'5.  Boils  at 
80°'5. 

Occurrence. — In  Rangoon  petroleum  and  in  coal-tar. 
Breparation. — 1.  By  heating  benzoic  acid  with  excess  of  lime 
or  baryta : — 

{§brio     +    CaO    =  +  cocao". 

Benzoic  acid.  Lime.  Benzol.  Calcic  carbonate. 

2.  By  heating  the  vapour  of  benzoic  acid  to  redness,  when 
it  splits  into  benzol  and  carbonic  anhydride : — 

{cOTo   =    CO,    +  C,H,. 

Benzoic  acid.  Carbonic  Benzol, 

anhydride. 
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3.  By  heating  phtlialic  acid  with  lime : — 

C.Ufi,    +    2CaO    =    C,He    +  2COCao". 

Phthalic  Lime.  Benzol.  Calcic 

acid.  carbonate. 

4.  By  passing  fats  through  red-hot  tubes. 

5.  By  the  destructive  distillation  of  coal. 

6.  In  small  quantity,  when  the  vapour  of  acetic  acid  or  of 
alcohol  is  passed  through  a  red-hot  tube. 


SUBSTITUTION  DUBIVATIVUS  OF  BENZOL. 
I.  Bromo-Comjpounds. 
MONOBROMBENZOL. 
C,H.Br. 

Boils  at  150°. 

Breparation. — By  acting  with  two  atoms  of  bromine  on  boil- 


ing benzol 


C,H,    +    Br,    =    C,H,Br    +  HBr. 

Benzol.  Monobrombenzol  Hydrobromic 

or  phenylic  acid, 
bromide. 


DIBROMBENZOL. 

C,H,Br,. 

Fuses  at  89°.    Boils  at  219°. 

Preparation. — By  treating  monobrombenzol  with  excess  of 
bromine. 


TRIBROMBENZOL  HYDROBEOMATE. 

C,H,Br3. 

Breparation.—'Bj  exposing  a  mixture  of  benzol  and  bromine 
to  the  action  of  sunlight. 
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TRIBROMBENZOL. 

CeH3Br3. 

JPreparation. — By  boiling  the  previous  compound  witli  alco- 
holic potash. 

The  following  graphic  forniQlse  show  the  probable  atomic 
relations  subsisting  between  benzol,  tribrombenzol  hydrobro- 
mate,  and  tribrombenzol : — 

H  H 

I  I 

/  \ 

H— C       C— H 

w  // 
c— c 

I  I 

H  H 

Eenzol. 

H  H 

I  I 
Br— C— C— Br 
H\/  \/H 
Br/^^  ^\Br 

H— C— C— H 

I  I 
Br  Br 

Tribrombenzol  hydrobromate. 

H  Br 

u  • 

/  \ 

Br— C         C— H 

\  // 

c— c 

I  I 

H  Br 

Tribrombenzol. 


NITROBENZOL 
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II.  Chloro-compounds. 

Benzol  forms  three  cliloro-  substitution  compounds,  similar 
to  the  bromo-compounds  just  described. 

State  of          Fusing-  Boiling- 
aggregation,        point.  point      Sp.  gr. 

Monochlorbenzol  ...  C.HgCl,    Liquid...    136°.  

Dichlorbenzol    C,H,C1„  Solid  ...  89°.  

Trichlorbenzol    C3H3CI3,  Oily   ...    210°  1-457. 


III.  Nitro-compounds. 

Two  only  have  hitherto  been  produced : — 

Nitrobenzol    C,H,(N^O,)  or  N(C,H,)0,. 

Dinitrobenzol          C,H/Tn'0,),  or  N/CeH,)"0,. 


NITROBENZOL. 

N(CeH,)0,  or  NPhO, 
Molecular  weigJit  =123.    Molecular  volume  I  I  I.    1  litre  of 
nitrohenzol  vapour  weigJis  61'5  critJis.      Fuses  at  3°. 
Boils  at  220°. 

Preparation. — By  the  action  of  nitric  acid  on  benzol : — 
C3H,    -f    NO,Ho    =    N(C,II,)0,    +  OH,. 

Benzol.  Nitric  acid.  Nitrobenzol.  Water. 

'Reactions. — 1.  By  the  action  of  reducing  or  hydrogenating 
agents,  as  zinc  and  hydrochloric  acid,  sulphuretted  hydrogen, 
acetic  acid  and  iron,  or  potassic  arsenite,  nitrobenzol  is  con- 
verted into  aniline : — 

N(C,H,)0,  +  3SH,  =  NCCHJH,    +  20H,  + 
or  C,H,(]Sr'0,)  +  3SH,  =  C.H,(N"'H,)  +  20H,  +  S,. 

Nitrobenzol.         Sulphuretted  Aniline.  Water, 

hydrogen. 

2.  Nitrobenzol  is  also  converted  into  aniline  when  its 
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vapour,  mixed  witli  hydrogen,  is  passed  over  spongy  palla- 
dium : — 

N(C.H,)0,    +    3H,    =  N(C,H,)H,    +  20H, 

Nitrobenzol.  Aniline.  Water. 


The  relation  between  nitrobenzol  and  aniline  will  be  seen  in 
the  following  graphic  formulae  : — 

H  H 

I  I 

c=c  o 

/  \  II 

H— C  C—N 
\     //  I' 

c— c  o 

Kitrobenzol. 


H  H 

I  I 

C  C  H 

H— C  C—N 

\     //  I 

C  C  H 

I  I 

H  H 

Aniline. 


3.  By  the  action  of  sodium  amalgam  and  water,  nitrobenzol 
js  converted  into  azobenzol,  and  finally  into  hydrazobenzid : — 


2]Sr(C,H,)0,  +    H,  ="jN(CA) 

KitrobenBol.  Azobenzol.  Water. 

.,fN(C„H,)  ,     H    _  rN(C„H,)H 

tw(C,H.)  +  -  |n(C„H.)H- 

Azobeneo  Hydrazobenzid. 
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DINITEOBEKZOL. 

Fuses  helow  100''. 

IPreparation. — By  treating  nitrobenzol  with  a  mixture  of 
concentrated  nitric  and  sulphuric  acids. 

Ueaction. — By  the  action  of  sulphuretted  hydrogen,  dinitro- 
benzol  is  converted  into  nitraniline : — 

N,(C,H,)"0,    +    3SH,    =^(CA)"    +  +  % 

Dinitrobenzol.  Sulphuretted  Nitraniline.  Water, 

hydrogen. 

Class  II. 

IIYJDBIBUS  OF  NEGATIVE  RADICALS. 

Only  two  of  these  are  known : — 

Cyanic  hydride  or  flydrocyanic  acid. 
Oxatylic  hydride  or  Formic  acid. 
The  first  has  already  been  considered  (p.  27)  ;  and  the  second 
will  be  more  conveniently  studied  in  connexion  with  the  fatty 
acids  (p.  121). 


CHAPTER  YI. 

THE  ALCOHOLS. 

The  alcohols  form  one  of  the  most  important  of  the  families  of 
organic  compounds.  The  simplest  member  of  this  family  is 
methylic  alcohol,  which  is  derived  from  marsh-gas  by  the 
substitution  of  one  semimolecule  of  hydroxyl  for  one  of 
hydrogen. 

YOL.  II.  E 
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CH, 

H 


CH3II0. 
H 


H— 0— H 


H— C— 0— H 


Marsh-gas, 


The  alcohols  have  been  termed  the  hydrated  oxides  of  the 
positive  radicals ;  but  this  is  eroneous,  as  they  do  not  contain 
water.  They  may  more  correctly  be  defined  as  the  compounds 
of  hydroxyl  with  the  positive  organic  radicals,  whence  it  follows 
that  each  series  of  positive  radicals  forms  a  corresponding 
series  of  alcohols.  The  alcohols  act  upon  and  saturate  acids, 
forming  a  family  of  compounds  termed  etJiereal  salts.  The 
acidity  or  acid-saturating  power  of  the  alcohols  depends  upon 
the  number  of  semimolecules  of  hydroxyl  which  they  contain  : 
the  monad  radicals  give  monohydric  alcohols,  or  alcohols  con- 
taining only  one  semimolecule  of  hydroxyl,  the  dyad  radicals 
dihydric  alcohols,  &c.  "We  have  thus  the  annexed  three  prin- 
cipal subdivisions  of  the  alcohol  family. 

Monohydric.  Dihydnc.  Trihydric. 

Methyl  or  C„H2n+iHo  Glycol   or  C«H2«Ho^  GlycerinorCnHon-iHOa 

series.  series.  series. 

Vinyl  or  C„H2«-iHo  Orcin  or  CwHs/i-sHo^  Pyrogallic  or  C^Hon-g 

series.  series.  H03  series. 

Phenyl  or  C„H2,,_,Ho 


The  following  symbolic  and  graphic  formulse  will  exemplify 
the  disposal  of  the  bonds  in  these  three  subdivisions  : — 


series. 


Monohydric  AlcoJiols. 


H  H  H 
H— C— C— C— 0— H 


I  I  I 
H  H  H 
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Allylic  alcohol. 
{Vinyl  series.) 


=    C3H,Ho  or  j^^^jj^J  . 

H 
I 


H— C=C— C--0— H 


I  1  I 
H  H  H 


Benzoic  alcohol. 
(Phenyl  series.) 


C,H,Ho  or 


\CH,Ho- 


Propylenic  alco- 
hol, or  propylic 
glycol 


Glycerin 


H  H 

I  I 

/     \  I 
H— C      C_c-0— H 

W   //  I 

C— C  H 

I  1 
H  H 

Dihydric  Alcohols. 

~  CHHo  or  l^^^^3)HHo 
-    O3±i,±io,  or  I  qh^jjq 

H  H  H 

H— C— C— C^H 

I     I  I 

0  O  H 

1  I 
H  H 

Trihydric  Alcohols, 

fCH,Ho 

=    C3H5H03  or  \  CHHo  . 

[  CHJIo 

H  H  H 

III 
II_C— C-C— H 

I     I  I 

0  0  0 

1  I  I 

H  H  H 
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MONOIIYDBIC  ALCOHOLS: 
Methyl  or  C„H2„+iHo  series. 
Tliese  alcoliols  may  be  divided  into  three  classes,  viz. : — 

1.  Monohydric  normal  alcohols     |  qj-j 

secondary    „  {ccalfeoHHo' 

III  tlie  general  formiiLa  of  the  normal  alcohols  n  may  =0, 
and  even  the  whole  radical  Q(Q',J^2n^i)^^2  replaced  by 

liydrogen,  as  is  the  case  in  methylic  alcohol.  In  the  formula) 
of  the  secondary  and  tertiary  alcohols  n  may  also  =0,  but  m 
must  always  be  a  positive  integer. 


NOBMAL  MONORYBBIQ  ALCOHOLS. 

General  formula  |  q^j 'hq""^'^'^'- 
The  followins:  is  a  list  of  the  members  of  this  class  :- 


Fusing-  Boiling- 
points,  points. 

  6G-5. 

■   78° -4. 


Methylic  alcoliol  |  -g-^   

Ethylic  alcohol   {cHJIo  ~ 

Propyl! c  or  trity lie  al-  r  CMelT,  rC(CIL)H., 

cohol   1cH,H6  ICPI.Ho   "  • 

Butylic  or  tetrylic  al- /  CEtH,  rC(dH,)H.,  ,.^0 

cohol   ICHJlo  ICHJIo    "  -^^^ 

  109° 


Isobutylic  alcohol   |  — or  j-^-^; 

Amylic  or  pentylic  al-  /  CPrll.,        /  C(C3H.)H., 
cohol   1  Cir^IIo       1  CHoHo 

^-">^^=="  

■PI  r  1  .  1  rCEtMell  f  C(C.>H,)(Cn3)II  .^oo 
Pseudamylic  aiconol  •••|(;jjj  jjo       [  CH  Ho  —  ' 

Caproylic  or  hexylic  alcohol   |  q|j    150° 


•  20°.  120°. 
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Fusing- 

Boiling- 

points. 

pomta. 

170°. 

— _ 

190°. 

_____ 

200°. 

212°. 

••••lCH,Ho 

50°. 

79°. 

85°. 

The  lower  members  of  the  class  are  liquid,  and  the  higher 
solid.  They  are  produced  in  a  variety  of  operations,  such  as 
destructive  distillation,  fermentation,  and  animal  secretion,  but 
by  reactions  which  cannot  usually  be  traced. 


delations  qftJie  normal  C,jIl2,i4.iIIo  alcohols  to  the  monad  C„Ho„4.i 

o^aclicals. 

1.  The  radicals  Q,^2n+\  whicli  are  combined  with  hydroxyl  in 
the  normal  alcohols  may  be  separated,  by  first  converting  the 
alcohol  into  an  iodide  (see  p.  96),  and  subsequently  acting  on 
the  iodide  by  zinc  (see  p.  11). 

2.  The  radical  next  lower  in  the  series,  than  tbat  contained  in 
the  alcohol,  may  be  obtained  by  converting  the  alcohol  into  the 
corresponding  fatty  acid,  and  then  submitting  a  salt  of  this  acid 
to  electrolysis  (see  p.  119), 

8.  Inversely,  the  normal  alcohols  maybe  obtained  by  acting 
upon  the  normal  radicals  with  chlorine  under  the  influence 
of  light,  when  one  atom  of  hydrogen  in  the  radical  is  dis- 
placed by  chlorine. 

Thus  in  the  case  of  methyl  we  have 

{§h:  +  a=  =  {ci:ci  +  HCl: 

Methyl.  Chlorinated  Hydrochloric 

methyl.  acid. 
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by  the  action  of  potassic  hydrate  upon  this  chlorinated  methyl, 
ethylic  alcohol  is  formed,  thus : — 

{cRla  +  =    {gH3^„  +  zci. 

Chlorinated  Potassic  Ethylic  Potassic 

methyl.  hydrate.  alcohol.  chloride. 

This  reaction  requires  further  investigation  (see  p.  55). 


^Relations  of  the  normal  C„B  2«+iHo  alcoJiols  to  the  dyad  ^J^i^ 
radicals. 

1.  The  C,jH2,j  radicals  are  obtained  from  the  normal  C^Hg^i+iHo 
alcohols  by  the  abstraction  of  the  elements  of  water  : — 

tCH,Ho       "-^2  -  ten; 

Ethylic  Water.  Ethylene, 

alcohol. 

2.  Inversely,  the  normal  alcohols  are  obtained  from  these 
radicals  by  first  uniting  the  latter  with  hydrochloric,  hydro- 
bromic,  or  hydriodic  acid,  and  then  treating  the  product  with 
potassic  hydrate : — 

,1  f  CH,     ,     TT/^i  r  CH. 


Ethylene.       Hydrochloric  Ethylic 
acid.  chloride. 

{ch:c1    +    ™o    =     [^^^    +  KCl. 

Ethylio  Potassic  Ethylic  Potassic 

chloride.  hydrate.  alcohol.  chloride. 

Or  by  uniting  the  dyad  radicals  with  sulphuric  acid,  and 
distilling  the  product  with  water : — 

SO,Ho,    +    C,H,    =    SO^HorC^H^O)  : 

Sulphuric  Ethylene.  Sulphovinic  acid, 

acid. 

SO.EtoHo    +    OH3    =    SO.Ho,    +  EtHo. 

Sulphovinic  Water.  Sulphuric  Ethylic 

acid.  acid.  alcohol. 


-  { 
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delations  of  the  normal  C^Hsn+iHo  alcohols  to  the  hydrides 
oftheCJl2n+ii'Cidicals. 

1.  "When  tlie  alcohols  are  converted  into  iodides  (see  p.  96) 
and  the  latter  digested  with  zinc  and  water  at  100°,  the  corre- 
sponding hydrides  are  produced  (see  p.  38). 

2.  When  the  hydrides  of  the  C„H2„4.i  radicals  are  acted 
upon  by  chlorine  under  the  influence  of  light,  they  produce 
the  chlorides  of  the  radicals,  from  which  the  alcohols  may  be 
obtained  by  the  action  of  potassic  hydrate  : — 

=    EtCl     +  HCl; 


EtH    +  Cl^ 

Ethylic 
hydride. 

EtCl    +    KHo    =    EtHo    +  KCl. 


Ethylic 
chloride. 


Hydrochlo- 
ric acid. 


Ethylic 
chloride. 


Potassic 
hydrate. 


Ethylic 
alcohol. 


Potassic 
chloride. 


Th6  greater  quantity  of  the  chlorine  compound  so  formed  is 
isomeric  with  the  chloride  of  the  radical,  and  possibly  gives  a 
corresponding  isomeric  alcohol. 


Belations  of  the  C„H2«+iHo  alcohols  to  the  radical  cyanogen. 
Ascent  of  the  alcohol  series.    Mendius' s  reaction. 

By  the  dry  distillation  of  potassic  sulphovinate  and  its  homo- 
logues  with  potassic  cyanide,  the  nitriles  or  abnormal  cyanides 
of  the  radicals  are  produced  : — 

^       SO.EtoKo    +    KCy    =    SO^Ko^    +  EtCy. 

Potassic  Potassic  Potassic  Ethylic 

sulphovinate.  cyanide.  sulphate.  nitrile. 

By  treatment  with  nascent  hydrogen,  this  ethylic  nitrile 
is  converted  into  propylamine : — 

NC(CMeH,)   +  H,  =   N[C(CMeH,)HJH,  or  NPrH,. 

Ethylic  nitrile.  Propylamine. 
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By  the  action  of  nitrous  anhydride,  propylamine  is  trans- 
formed into  isopropylic  alcohol : — 

2HPrH,    +    N,03    =    2i3PrHo    +    OH,    +  2JSr.. 

Propylamine.  Mtrous  Isopropylic  Water, 

anhydride.  alcohol. 

It  is  obvious  that  by  repeating  these  reactions  on  isopropylic 
alcohol,  butylic  alcohol  would  be  obtained,  the  homologous 
series  of  alcohols  being  ascended  one  step  at  each  repetition  of 
the  process.  But  the  alcohols  are,  if  possible,  secondary  or 
tertiary. 


SIETHYLIC  ALCOHOL,  Wood  Spirit,  Fyroxylic  Spirit 
CH3H0  or  MeHo. 
Molecular  weight  =32.     Molecular  volume  |  |  |.     1  litre  of 
onetJiylic  alcohol  vapour  loeiglis  16  criths.     Sp,  gr.  0"798. 
Boils  at  66°'5. 

'Preparation. — 1.  Prom  marsh-gas,  by  the  action  of  chlorine 
and  subsequent  treatment  with  potassic  hydrate: — 

CH,       -f    CI3       =    CH3CI     +  HCl; 

Marsh-  Methylic  Hydrochlo- 

gas.  chloride.  ric  acid. 

CH3CI    +    KHo    =    CH3H0    +  KCl. 

Methylic  Potassic  Methylic  Potassic 

chloride.  hydrate.  alcohol.  chloride. 

2.  Prom  the  essential  oil  of  Gaultlieria  procumhens,  by  the 
action  of  potassic  hydrate : — 

C,H,OMeoHo    +    KHo    =    C,H,OHoKo    +  MeHo. 

Oil  cf  Gauliheria  pro-  Potassic  Potassic  salicylate.  Methylic 

cuinbens.    (Metho-  hydrate.  alcoliol. 

salicylic  acid.) 

3.  By  the  destructive  distillation  of  wood. 

Reactions. — 1.  Methylic  alcohol  unites  with  some  salts  in  the 
capacity  of  water  of  crystallization,  as,  for  instance, — 

CaCL,2MeHo. 
2.  By  the  action  of  potassium  and  sodium,  methylates  arc 
formed  with  elimination  of  hydrogen  : — 

CH3K0.  CH3]S'ao. 

Potassic  Sodic 
jnethylatc.  mcthylate. 


ETHYLIC  ALCOHOL. 

3.  By  oxidation  it  is  transformed  into  formic  acid 
fH 
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CH,Ho 

Methylio 
alcohol. 


-  {cOHo 

Formic  acid. 


OH,. 

Water. 


4.  When  distilled  with  calcic  cliloro-hypochlorite  {chloride  of 
lime)  and  water,  chloroform  is  produced. 


^CaCl 
O 

Ca" 

2CH3II0  +  4Ca(0Cl)Cl  =  2CHC]3  +  -<  O 

Ca" 
O 

CaCl 


+  30H. 


Methylio 
alcohol. 


Calcic  chloro- 
hyjiochlorite. 


Chloroform. 


Calcic  oxy-  Water, 
chloride. 


ETHYLIC  ALCOHOL,  Alcohol,  Spirit  of  Wine. 

Molecular  weiglit  =46.  Molecular  volume  \  \  \.  1  litre  of 
etJiylic  alcohol  vapour  iveighs  23  criths.  Sp.  gr,  0"792  at 
20°    Boils  at  78°-4. 

Preparation. — 1.  Trom  ethylene  (p.  54). 
2.  By  the  fermentation  of  grape-sugar  with  yeast  at  a  tempe- 
rature of  about  22° : — 

CeH,,0,    =    2C,ILHo    +  2C0,. 

Grape-sugar.  Ethylic  Carbonic 

alcohol.  anhydride. 

At  the  same  time,  however,  other  products  are  formed,  but 
in  very  small  quantities, 

Beactions. — 1.  Treated  with  potassium  or  sodium,  alcohol, 
forms  ethylates : — 

JCH,  fCH, 
1  CH,Ko-  t  CH,Nao- 

Potassic  Sodic  ethylate. 

ethylat^ 
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2.  "When  passed  through  a  red-hot  tube,  alcohol  is  decom- 
posed into  marsh-gas,  hydrogen,  and  carbonic  oxide : — 

C^H^Ho    =    CH,    +    H,    -f  CO. 

Ethylic  Marsh-  Carbonic 

alcohol.  gas.  oxide. 

Small  quantities  of  ethylene,  benzol,  and  naphthalin  are 
simultaneously  produced,  whilst  carbon  is  deposited. 

3.  By  oxidation,  ethylic  alcohol  is  converted  first  into  alde- 
hyde, and  then  into  acetic  acid : — 

■  {§5ho    +    O    =  {ioH    +  OH, 

Ethylic  Aldehyde.  Water, 

alcohol. 

jCOH      +         -  jcOHo- 

Aldehyde.  Acetic  acid. 

4.  Distilled  with  chloride  of  lime,  ethylic  alcohol  produces 
chloroform. 

Alcoholates  are  salts  containing  alcohol  in  the  place  of  water 
of  crystallization  ;  they  are  mostly  decomposed  immediately  by 
water. 

The  following  are  known  : — 

ZnCl,,  2C,H3Ho. 
CaCl„  4C.H5H0. 
N.O.Mgo'^GC^H^Ho. 

5.  Treated  with  chlorine  as  long  as  hydrochloric  acid  is 
evolved,  it  is  transformed  into  ethylic  chloride  and  chloral 
hydrate  (the  aldehyde  of  trichloracetic  acid) : — 

2{c1:Ho  +  ^C1.=  {gCl3^„^+{gg3c^  +  4.HCl. 

Ethylic  alcohol.  Chloral  hydrate.  Ethylic 

chloride. 


MERCAPTAN. 


m 


MERCAPTAN,  Sulphur  Alcohol,  Mhylic  sulpJihijclrate^ 
Hydros ulphate  of  JEthyl. 

Molecular  weight  =62,  Molecular  volume  n~l-  1  ^^'^^'^  of 
mercaptan  vapour  weighs  31  criths.  Sp.  gr.  of  liquid 
0-835.    :Boils  at  63° 

I^reparation. — By  distilling  potassic  sulphovinate  with  po- 
tassic  sulphhydrate : — 

SO.EtoKo    +    KHs    =    EtHs     +  SO.Ko,. 

Potassic  Potassic  Mercaptan.  Potassic 

sulphovinate.  sulphhydrate.  sulphate. 

Beactions. — 1.  By  tlie  action  of  potassium  and  sodium  on 
mercaptan,  an  atom  of  hydrogen  is  displaced  by  the  metal,  pro- 
ducing mercaptides : — 

t  CH,Ks-  1  CH,Nas- 

Potassic  Sodic 
mercaptide.  mercaptide. 

2.  Mercaptan  acts  upon  mercuric  oxide  with  great  energy,  a 
white  crystalline  mercuric  mercaptide  being  formed : — 


CH3 


+  =   lg|Hgs"    +  OH, 

ICH3- 

Mercaptan.  Mercuric  Mercuric  Water, 

oxide.  mercaptide. 


Propylic  alcohol,  |  q^^j^^j  is  obtained  from  the  fusel  oil 
of  the  marc  brandy  of  the  south  of  France. 

Sutylic  alcohol^  |  q^^J?  is  contained  in  the  fusel  oil  pro- 
duced in  the  preparation  of  spirit  from  the  molasses  of  beet- 

;CEtH 
CH  Ho  obtained 

from  butylic  acid  by  Piria  and  "Wurtz's  reactions,  described  at 
p.  120. 
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Amylic  alcoTiol,  |  is  the  chief  constituent  of  the 

fusel  oil  obtained  in  the  manufacture  of  alcohol  from  potatoes 
or  grain.  Two  other  normal,  isomeric  amylic  alcohols  are 
given  in  the  Table  at  p.  52. 

As  far  as  these  alcohols  have  been  studied,  they  resemble,  in 
their  chemical  relations,  the  two  previously  described. 


SECONDARY  MONOIIYDBIG  ALCOHOLS. 

General  formula. . .  |  \-&tt  . 

The  secondary  alcohols  differ  from  the  normal  in  yielding, 
by  oxidation,  ketones  instead  of  acids. 

Seven  secondary  alcohols  are  at  present  known: — 

Boiling- 
points. 

Isopropylic  alcohol  or  dime-  f  CH,  j.? 
thyl  carbinol    I  CMeliHo  "  • 

Methylethyl  carbinol  |  q^^'jjjj^    9'"- 

Methylpropyl  carbinol   |  ^f^^^H^ 

Methylisopropyl  carbinol  •••jc^effilo 

Pseudohexylic  alcohol  or  me-  f  CPrH^  23(5 
thylbutyl  carbinol   1  CMeHHo 

Methylhexyl  carbinol  |  c^c^JHHo 

C(C  H  )HHo 

The  first  is  obtained  by  the  action  of  nascent  hydrogen  on 
acetone : — 

CH, 

CMeHHo* 

Aceto--ic.  Isopropylic"  alcoliol. 


{coke    +  -  I 


TSOPROPYLIC  ALCOHOL. 


61 


The  relation  existing  between  ethylic  alcoliol,  propylic 
alcohol,  and  isopropylic  alcohol,  will  at  once  be  evident  from 
the  following  formnlse  : — 

J  CH3  r  C(CH3)H,        r  CH3 

lCH,Ho-       tCH,Ho    •  tC(CH3)HHo* 

Ethylic  alcohol.  Propylic  alcohol.  Isopropylic  alcohol. 

JTrom  these  formulte  it  is  seen  that  propylic  alcohol  is  etbylic 
alcohol  in  whicb  one  atom  of  hydrogen  in  tbe  methyl  (or  non- 
oxygenated  part  of  the  compound)  is  displaced  by  methyl ; 
whereas  isopropylic  alcohol  is  ethylic  alcohol  in  which  one  atom 
of  hydrogen  in  the  oxygenated  part  of  the  compound  is  dis- 
placed by  methyl. 

Ethylic  alcohol  boils  at  ...  78°-4i 

Propylic  alcohol     „      ...  97 

Isopropylic  alcohol  „  ...  84 
Thus,  by  substituting  an  atom  of  methyl  for  one  of  hydro- 
gen in  the  non- oxygenated  part  of  the  alcohol,  the  addition  of 
CII2  raises  the  boiling-point  18°-6 ;  whilst,  if  an  atom  of  hy- 
drogen in  the  oxygenated  part  be  similarly  displaced,  the  same 
addition  only  raises  the  boiling-point  5°-6. 

Isopropylic  alcohol  yields  by  oxidation  a  ketone,  and  not  an 
acid.  The  radical  oxatyl  being  a  necessary  constituent  in 
organic  acids,  it  will  be  seen  from  the  following  equations  that, 
although  propylic  alcohol  can  be  converted  into  an  acid  without 
the  disruption  of  its  carbon  atoms,  isopropylic  alcohol  cannot 
be  so  transformed  : — • 

Efchjdic  alcohol.  Acetic  acid.  Water. 


II 

1 

II— C— 

11 

-C— H 

H 

0 

1 

II— C  — 

II 

—0 

1  . 

II 

1 

0 

1 

H 

1 

H 

1 

u 

1 

11 
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|C(0H3)H, 
1  CH,Ho 

Propylic  alcohol. 


H 
I 

H— C 
I 

H 
ICH3 

[  C(CH3)HHo 


H 

I 

-C- 
I 

H 


Isopropylic 
alcohol. 


H 


H 

I 

— C- 
I 

0 
H 


+  O, 

H 
I 

-C— H 
I 

O 

I 

H 
+  O 


H 
I 

-C— H 

I 

H 


1  COHo  + 


Propionic  acid. 


Water, 


H      :      H  : 

1  1  M 

0 

H— C— i— C— 1 

t        :        1  : 

il 

— c 
t 

1 

0 

_  fCH, 

+ 

~  \C0(CH3) 

Acetone. 

H  H 

Water. 


H— C— C— C— H 

I     II  I 
H    0  H 


TEBTIABY  MONOHTDHIG  ALCOHOLS. 

General  formula   j  Sfn"  • 

The  following  members  of  this  series  are  known : — 

Boiling- 
points. 

!Pseudobutylic  alcohol  or  1  ^yi^  jj^  §2^-5 

trim  ethyl  carbinol   J  ^ 

Dimethylethylcarbinol...    CEtMe^Ho    100°. 

Dimethylpropyl  carbinol      CPrMe.Ho    120° 

Dimethylisopropyl  carbinol  C/3PrMe^Ho    112°. 

Methyldiethyl  carbinol  ...    CEt.MeHo    115° 

Triethyl  carbinol    CEtgHo    141° 

Diethylpropyl  carbinol  . . .  CPrEt^^o     

CMe  Ho'  ^^^^^^     ^TiiiW  quantities 


MONOHYDRIC  ALCOHOLS. 
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ill  butylic  alcohol  obtained  by  fermentation ;  it  has  also  been 
produced  by  acting  with  zincic  methide  on  acetylic  chloride, 
and  submitting  the  product  thus  obtained  to  the  action  of 
water : — 


{c^Cl  +  22nMe,  =  { gSe,(Zn"MeO)  +  ^i^MeCl; 


Acetjrlic 
chloride. 


Zincic 
methide. 


Zincic  chlor- 
methide. 


fCH3  Q  rcH3 

tCMe,(Zn"MeO)    ~^    ^""^^    -    |  CMe.Ho 


Water. 


Pseudobutylic 
alcohol. 


+  CH 


,    +  ZnHo,. 

Methylic  Zincic 
hydride.  hydrate. 


H 

H--C- 

k 


H— C— H 


I 

0 
I 

H 


H 
I 

-C-H 

I 

H 


JCH3 

t  C(CH3),Ho' 


Pseudobutylic  alcohol. 


CHAPTEE  VII. 

MONORYDBIO  ALCOHOLS : 
Vinyl  or  C^Ho^.iHo  series. 
Two  alcohols  only  of  this  series  are  known  ;  of  these  the  first 
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is  a  secondary,  and  tlie  second  a  normal  alcoliol : 

Yinjlic  alcoliol..."  |  or  CMe"HHo. 

All  r  1  T,  1  JCMe'l-I 
Allyhc  alcoliol  ...  jcH^Ho- 


H-C^C— 0— H  H— C=  C— C— O-II 

II  I     I  I 

H   H  H  H  H 

Vinylic  alcohol.  Allylic  alcohol. 


VINYLIC  ALCOHOL. 

"fCH,  p 
t  CHHo  • 

JPreparation. — By  combining  acetylene  with  sulphuric  acid 
and  distilling  the  product  with  water,  in  the  same  manner  as  iu 
the  preparation  of  ethylic  alcohol  from  ethylene  (p.  54)  : — 

SO,Ho,    +    C,H,    =  SO,(C,H30)Ho. 

Sulphuric  Acetylene.  Sulphovinylic  acid, 

acid. 

S0,(C,H3O)Ho    +    OH,    =    SO,Ho,    +  CMe"HHo. 

Sulphovinylic  acid.  Water.  Sulphuric  Vinylic 

acid.  alcohol. 

This  alcohol  is  isomeric  with  aldehyde  and  with  ethylenic 
oxide : — 

1  CHHo  1  COH         t  CH,  • 

Vinylic  Aldehyde.  Ethylenic 

alcohol.  oxide. 

If  the  above,  and  not  \         -g-^,  be  the  true  formula  for 

vinylic  alcohol  from  acetylene,  it  is  obvious  that  this  body  could 
not  yield  an  acid  by  oxidation ;  but  if  the  latter  formula  repre- 
sents it,  this  alcohol  is  normal  and  ought  to  yield  on  oxidation 

an  acid,  j  qqHo'  ^^^^^^^•^go^s  with  acrylic  acid. 


REACTIONS  OE  ALLYLIC  ALCOHOL. 
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ALLYLIC  ALCOHOL. 

rCMe"H  .nxr 

Boils  at  9&°-5.    Bp.  gr,  of  liquid  at  0°-  0-8709.  ^ 

Preparation. — Glycerin,  when  submitted  to  the  action  of  di- 
pliosphorcus  tetriodide,  yields  allylic  iodide  :— 

fCH^Ho  fCH, 
'P"J,   +   2  \  CHHo    =  2  \CH     +  2POHHo.  +  I,. 
[CH,Ho  {CHJ 

Diphosphorous  Glycerin.  Allylic  Phosphorous 

tetriodide.  iodide.  acid. 

The  allylic  iodide  is  then  decomposed  by  argentic  oxalate, 
when  allylic  oxalate  is  formed : — 

oAiiT     t      fCOAgo  fCOAUo     ,     OA  T 

2A11I    +    [ooKgo    =     jcOAllo    +  2AgI. 

Allylio  Argentic  Allylic  Argentic 

iodide.  oxalate.  oxalate.  iodide. 

The  allylic  oxalate  is  next  decomposed  by  ammonia,  when 
oxamide  and  allylic  alcohol  are  produced : — 

JCOAllo     ,  rCO(N"'H,)     ,  oAiiTT^ 

jcOAUo    +    2^^3    =     |cO(N"'H:)    +  2A11H0. 

Allylic  Ammonia.  Oxamide.  ■  Allylic 

oxalate.  alcohol. 

Reactions. — 1.  In  all  ordinary  reactions,  allylic  alcohol 
behaves  like  ethylic  alcohol.  By  oxidation  it  gives  acrylic  acid: — 

rOMe"H     ,     r.  rCMe"H  , 

lCH,Ho     +    0^    =     jcOHo  + 

Allylic  Acrylic  Water, 

alcohol.  acid. 

2.  "With  phosphoric  anhydride  it  yields  allylene : — • 
H 

H— C— G=C~II    =       C  . 
I  "  {  CH 

H 

VOL.  II.  r 
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Among  tlie  ethereal  salts  of  ally  lie  alcohol,  the  sulphide  and 
sulphocyanate  occur  in  nature  as  garlic  and  mustard  oils  : — 


AUvlic  Allylic 
sulphide.  sulphocyanate. 
(G-arlic  oil.)  (Mustard  oil.) 


CHAPTER  VIII. 
MONORYDBIC  ALCOHOW-, 
Phenyl  or  C^Hs.i-;  series. 

These  alcohols  may  be  divided  into  a  normal  and  a  tertiary 
class.  Tbe  members  of  the  first  class  possess  the  general 
character  of  the  normal  alcohols  of  the  ethyl  series,  while  those 
of  the  second  class  exhibit  a  slightly  acid  character. 


Class  I.  Normal  Alcohols. 
General  formula  | 

Benzylic  alcohol*   |  q^Jj^  • 


-II 


n-c-c-H 


H 

.C_0— II 

I 

IT 


BENZYLIC  ALCOHOL. 
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Xylylic  alcohol   {cHl"aJ'- 

r  c  H 

Cumylic  alcohol  |  qj^ 

Sycocerylic  alcohol  |  q^-  -g^. 

Class  II.  Tertiary  Alcohols. 
General  formula   C^HoUrHo. 

Phenylic  alcohol.  Carbo- 
lic acid*    CgHgHo. 

Cresylic  alcohol    CgMeH^Ho. 

Phlorol   CeEtH.Ho. 

Dimethyl-phenylic  alcohol  CgMejHgHo. 

Thymylic  alcohol..'   CeEt^Ho  ? 

Glass  I.  NOBMAL  ALCOHOLS, 
BENZYLIC  ALCOHOL. 


cnio 


^oils  at  204°. 

JPreparation.—l,  By  treating  oil  of  bitter  almonds  with  alco- 
holic potash : — 


Benzoic  aldehyde.      Potassic  Benzylic  alcohol.  Potassic 

(Oil  of  bitter  hydrate.  benzoate. 


*  H— C=C— H 
H— C-C— H 


e2 
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2.  Eenzylic  alcohol  may  be  obtained  from  toluol  by  first 
converting  tlie  latter  into  toluylic  cbloride  by  the  action  of 
chlorine — 

Toluol.  ■  Toluylic  chloride.  Hydrochloric 

(Toluylic  hydride.)  acid. 

and  then  submitting  the  toluylic  chloride  to  [the  action  of  po- 
tassic  hydrate : — 

{Sgbl    +    ™o  =  +  KCl. 

Toluylic  Potassic  ■   Benzylic  Potassic 

chloride.  hydrate.  alcohol.  chloride. 

3.  Ey  digesting  benzylic  chloride  with  freshly  precipitated 
plumbic  hydrate  :  — 

Toluylic  or  Plumbic  Plumbic  Benzylic  alcohol. 

Benzylic  chloride.         hydrate.  chloride. 

4.  By  passing  a  mixture  of  hydrogen  and  the  vapour  of  ben- 
zoylic  chloride  over  heated  spongy  palladium  : — 

{c'0dl    +  =  +  HCl. 

Benzoylic  chloride.  Benzylic  alcohol. 

Class  11.  TERTIABT  ALCOHOLS. 

•  PHENYLIC/ALCOHOL,  CarloUc  Acid,  Fliemjlic  Acid. 

C^HgHo  or  PhHo. 

Molecular  weight  =94.  Molecular  volume  I  I  I.  1  litre  of 
phenylic  alcohol  vapour  iveighs  47  criths.  Sj?.  gr.  1"0G5  at 
18°.    Fuses  at  34°.    Boils  at  188^. 

Occurrence. — In  coal-tar,  and  in  small  quantity  in  the  urine 
of  man,  of  the  cow,  and  of  the  horse. 
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Preparation. — 1.  By  the  distillation  of  salicylic  acid  with 
baryta  or  lime  : — 

{cl?H?'    =    CAHo    +  CO.. 

Salicylio  Phenylic  Carbonic 

acid.  alcohol.  anhydride. 

2.  It  is  also  produced  in  the  destructive  distillation  of  nume- 
rous organic  substances. 

3.  Phenylic  alcohol  is  formed  when  the  vapour  of  ethylic 
alcohol  or  acetic  acid  is  passed  through  a  red-hot  tube.  In  this 
manner  phenylic  compounds  may  be  obtained  from  their  ele- 
ments ;  for  both  acetic  acid  and  alcohol  may  be  built  up  from 
carbon,  hydrogen,,  and  oxygen. 

4.  Phenylic  alcohol  is  generated  when  aniline  hydrochlorate 
is  treated  with  potassic  nitrite  : — 

NPhH3Cl  +  NOKo  =  PhHo  +  KCl  +  OH^  +  N,. 

Aniline  Potassio  Phenylic  Potassic  Water, 

hydrochlorate.  nitrite.  alcohol.  chloride. 

'Reactions. — Treated  with  chlorine,  bromine,  or  nitric  acid, 
phenylic  alcohol  produces  a  series  of  substitution  products,  of 
which  the  following  are  examples  : — 

Dichlorphenylic  acid   Q^fil^o. 

Trichlorphenylic  acid   O^^QX^o. 

Perchlorphenylic  acid    Cj.ClgIIo. 

Bromphenylic  acid   Cyll^ErHo. 

IS'itrophenylic  acid   CJP/N^02)Ho. 

Binitrophenylic  acid   06113(^^02)2110. 

Trinitrophenylic  acid.  {Ficrio 

acid.)    03H2(N-02)3Ho. 

Amidodinitrophenylic  acid. 

{J?icramiG  acid.)   C,H2(N"'H2)(N^'0,)  JIo. 
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CRESYLIC  ALCOHOL. 

C,MeH,Ho. 

Soils  at  . 

This  alcohol  is  contained  in  creosote ;  it  is  isomeric  with 
benzylic  alcohol. 


CHAPTER  IX. 

DIBYDniC  ALCOHOLS. 
Grlycol  or  C„H2;jHo2  series. 

The  following  is  a  list  of  the  glycols  at  present  known,  with 
their  probable  constitutional  formulse : — 

Boiling-points. 

■  Propylic  glycol...    C3H A  or   {  188°-189^ 
ButyKc  glycol  ...    C,H,„0,  or  |       ™°        183"-! 84,". 

Amylio  glycol  . . .    C,H,,0,  or  {  "  177°. 

Methylic  glycol  has  not  been  obtained. 

The  existence  of  normal,  secondary,  &c.  alcohols  of  this  sub- 
division has  not  yet  been  clearly  established ;  but  ethylic  glycol 
is  probably  a  normal  glycol,  whilst  propylic,  butylic,  and  amy  lie 
glycols  are  generally  considered  to  be  secondary  glycols,  as 
shown  in  the  above  formulae. 

It  will  be  observed  that  the  boiling-points  of  the  glycols 
differ  from  each  other  in  a  direction  inversely  to  that  previously 
noticed  in  the  case  of  the  normal  monohydric  alcohols :  the 
more  complex  substances  boil  at  a  lower  temperature  than 
the  simpler  ones. 


DERIVATIVES  OF  GLYCOL. 
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GLYCOL.   ETHYLIC  GLYCOL,  miyleniG  Alcohol 
r  CH^Ho 

Molecular  weight  =G2.  Molecular  volume  \  \  \.  1  litre  of 
ethylic  glycol  vapour  weighs  31  criths.  Sp.  gr»  1'125. 
£oils  at  197°-5. 

I^reparation. — Ethylenic  dibromide  is  treated  witli  argentic 
acetate,  and  thus  converted  into  ethylenic  diacetate : — 

CKBr    ,    o^NTv/r  r\  \  f  CK-O-CMeO  .oat? 

Ethylenic         Argentic  acetate.  Ethylenic  diacetate.  Argentic 

dibromide.  (Diacetic  glycol.)  bromide. 

The  ethylenic  diacetate  is  now  acted  upon  by  potassic  hydrate, 
and  yields  potassic  acetate  and  glycol : — 

f  CH -O-CMeO   ,   oT^TT         J  CKHo   ,   ^f^^.  r^ir 
icH:-0-CMeO  +  2KHo  =  |  cH^Ho  +  2CMeOKo. 

Ethylenic  diacetate.  Potassic  Grlycol.  Potassic  acetate, 

hydrate. 

Beactions. — 1.  Glycol  is  easily  oxidized,  the  first  product  of 
its  oxidation  being  gly collie  acid  : — 

fCH,Ho     ,     o     -     JCH.Ho     ,  o„ 

Grlycol.  Glycollic  Water. 

acid. 

2.  By  further  oxidation  oxalic  acid  is  formed : — 

fCH,Ho  ,  o  -  jCOHo  , 
jCH^Ho    +  -    jcOHo  + 

Grlycol.  Oxalic  Water. 

acid. 

3.  Potassic  oxalate  is  produced  by  heating  glycol  and  po- 
tassic hydrate  together  to  250°  : — 

1  CH^Ho    +  =     I  COKo  + 

Glycol.  Potassic  Potassic 

hydrate.  oxalate. 
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4.  Treated  with  potassium  or  sodium,  the  hydrogen  of  the 
hydroxy!  in  glycol  is  replaced  in  two  successive  stages  : — 


r  CH^lSTao 

1  ch;ho  ' 

Monosodic  glycol. 


f  OH^Nao 
tCH^Nao* 

Disodic  glycol. 


The  following  list  contains  some  of  the  principal  derivatives 
of  glycol ; — 


CH^Ho 

ch;ho 

Glycol. 


CH,Hs 
CH^Hs- 

Suliohur  glycol. 


CH^Ho 
CH^Cl  • 

Chlorhydrio 
glycol. 


■  CH,Ho 
CH.Br 

Bromhydric 
glycol. 


r  CH^Eto 
[  CH^Br 

Bromethylic 
glycol. 


r  CH^Eto 
t  CH.Ho  * 

Hydric  ethylio 
glycol. 


f  CH.Eto 
t  CH^Eto 


Diethylio 
glycol. 


rCH,Br 

l^^^^rJCH^Br 

t  CH^-O-CMeO- 


<  o 
I  CO 
I  CH 


G-lycollic 
acetobromide. 


rcH,Ho 

or 

I  CO  L 
ICH3 


Monacetic 
glycol. 


CH,Ho 
CH,-0-CMeO- 


roH, 

CO 
O 

GH. 

ch: 

o 

CO 

Diacetic  glycol 


or 


CH,-0-CMeO 
CH^-O-CMeO- 
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CH3 
CO 

o 


or 


J  CH,-0-CMeO 
1  CH,-O.CPrO 


CH, 
0 

CO 

LC(C,H,)H, 

Acetobutyric  glycol. 

POLYETHYLENIC  GLYCOLS, 

I'olyethylenio  Alcohols. 
These  bodies  are  produced  by  heating  ethylenic  oxide  with 
glycol  in  sealed  tubes,  and  by  other  processes.    They  may  be 
regarded  as  formed  by  the  addition  of  ethylenic  oxide  to 
glycol. 

r  CH,Ho 
1  CH, 

Diethylenic  glycol  . . .  <|  CH^  or 

I,  GH,Ho 
f  CH,Ho 

ch: 
ch: 

O 

CH3  or 

ch! 

0 

V  CH,Ho 
^CH,Ho 

gh; 

CH3 
O 


Triethylenic  glycol . . .  <J 


CHJIo 
CH 

O 

CKHo 


f  CH,Ho 
\  CHJIo 


CH, 

Tetrethyleuic  glycol  <(  CH!^ 
0 

CH. 


fCH^Ho 

I  OA 

O 


or  <( 


C.H. 


,  o 


,  OA 

!  O 

|^CH,Ho 


CH, 
O 

^CH3Ho 

Pentethylenic  and  hexethylenic  glycols  have  also  beeu 
formed. 
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CHAPTER  X. 

mRYDBIQ  ALCOHOLS. 

Orcin  or  C^Hsn-gHog  series. 

Like  the  phenyl  series,  the  orcin  series  of  alcohols  are  the 
derivatives  of  benzol.  The  following  alcohols  belonging  to  this 
series  have  been  described  : — 

Melting- 
poinl^. 

Hydroquinone  ^  r  177°- 5 

Besorcin  I  C.H^Ho^   <  99°-0 

'  Pyrocatechin  or  Oxyphenol  J  I  lll°-5 

Homopyrocatechin  J  ^6^vie±l3±io,  |   

Betaorcin  CeMe^H^Ho^   

Theory  indicates  the  existence  of  four  isomeric  bodies  of  the 
formula  CgH^Ho^,  the  graphic  formulae  of  which  are  thus 
written: — 

(1)  (2) 

H— 0— C=C— 0— H  H— C=C— II 

I  I  !  I 

H— C   C— H  H— C    C— H 

II  II  II  II 

H— C— C— H  H— 0— C— C— 0— II 

(3)  (4) 
II— C=C— H  H— 0-C=C— H 

II  II 
II— 0— C    C— 0— H  H— C    C— 0— H 

![    I!  II  II 

H— C— C— H  H— C— C— H 

The  isomerism  of  1,  3,  and  4,  and  of  2,  3,  and  4  is  caused 
(symbolically  speaking)  by  the  different  distances  from  each 
other  of  the  two  atoms  of  carbon  with  which  the  two  semi- 
molecules  of  hydroxyl  are  combined ;  in  1  and  2  these  carbon 
atoms  are  neighbours,  in  4  they  are  separated  by  one  inter- 


HYDROQUINONE. 


75 


vening  atom  of  carbon,  and  in  3  by  two  intervening  atoms  of 
carbon.  The  isomerism  of  Nos.  1  and  2  is  not  equally  obvious ; 
indeed  it  has  been  overlooked  by  Kekule,  who  considers  that 
three  modifications  only  of  the  formula  CgH^Ho^  are  possible, 
unless  the  six  atoms  of  hydrogen  in  benzol  be  not  regarded  as 
of  equal  value.  An  inspection  of  the  above  graphic  formulae 
shows,  however,  that  a  fourth  modification  is  possible,  depend- 
ent upon  the  mode  in  which  the  two  neighbouring  atoms  of 
hydroxylic  carbon  are  joined  together.  In  'No.  1  these  atoms 
are  united  by  two  bonds,  in  No.  2  by  only  one  bond. 

It  is  at  present  impossible  to  assign  to  each  of  the  three 
known  isomers  of  CgH^Ho,  its  own  constitutional  formula. 
The  same  is  the  case  also  with  tlie  remaining  alcohols  of  this 
series. 

HYDROaUINONE. 

C,H,Ho,. 

IPre'pamtion. — 1.  By  treating  arbutin  with  emulsin,  or  by 
.boiling  it  with  dilute  sulphuric  acid : — 

C,H„0,    +    OH,    =    C.H,Ho,    +  C.H,,0„. 

Arbutin.  Hydroquinone.  Glucose. 

2.  By  the  action  of  sulphurous  acid  upon  a  solution  of 
quinone. 

3.  By  the  destructive  distillation  of  quinic  acid. 
Meactions. — 1.  Passed  in  vapour  through  a  red-hot  tube,  it 

is  decomposed  into  quinone  and  hydrogen : — 

C,H,Ho,    =    C,hO}   +  H,. 

Hydroquinone.  Quinone. 

2.  By  many  oxidizing  agents  it  is  transformed  into  quinone: — 
CgHJIo,    +    O    =    CAq}    +  OH,. 

Hydroquinone.  Quinone. 
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3.  By  the  action  of  cUorine  or  a  mixture  of  potassic  chlorate 
and  hydrochloric  acid,  it  is  converted  into  perchloro-quinone 
(chloranil) : — 

C,H,Ho,    +    3C1,    =    C,Cl,g}     +  6HC1. 

Hydroquinone.  Chloranil. 

,  OECIN. 

C.MeHgHo^. 
Melts  at  86°.    Boils  at  about  290°. 

Occurrence. — In  certain  lichens,  such  as  Lecanora  tartarea^ 
Roccella  tinctoria,  and  Variolaria  orcina. 

Freparation. — Ey  the  dry  distillation  of  orsellinic  acid,  or 
by  boiling  this  acid  with  powerful  bases  : — 

C^HgO,    =    C,MeH3Ho3    +  CO.. 

Orsellinic  acid,  Orcin. 

Many  other  bodies  which  are  obtained  from  lichens,  such  as 
lecanoric  acid,  erythrin,  and  picroerythrin,  yield  orcin  under 
similar  treatment ;  but  all  these  compounds  give  first  orsellinic 
acid,  which  then  breaks  up  into  orcin  and  carbonic  anhydride ; 
thus : — 

C„H,.0,    +     OH,    =  2C.H,0,. 

Lecanoric  acid,  Orsellinic  acid. 

C,,H,,0„    +    20H,    =    C.H,„0,    +  2C,H,0,. 

Erythric  acid.  Erythrite.  Orsellinic  acid. 

C,H,„0,    +     OH,    =    C.H„0,    +  C,H,0,. 

Picroerythrin,  Erythrite.  Orsellinic  acid, 

Beactions. — 1.  "With  chlorine,  bromine,  iodine,  and  nitric 
acid,  orcin  gives  the  following  substitution  products : — 

Melting- 
point. 

Monobromorcin    CeMeH^BrHo,   135° 

Tribromorcin    C.MeBr^Ho,    103° 

Trichlororcin    CeMeC]3Ho,   159° 

Triiodorcin    CgMelgHo^     

Trinitro-orcinic  acid  .,.  C.MeCNO^gHo^   162° 
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2.  By  treatment  with  ammonia  in  the  presence  of  free 
oxygen  it  yields  orcein,  the  colouring-matter  of  Archil  and 
Cudbear  J  the  reaction  being  probably  the  following  : — 

C„MeH3Ho,  +  NH,  +  03  =  C„MeH3(N''0,)Ho  ?  +  20H,. 

Orcin.  Orcein. 

8.  Heated  witli  an  excess  of  concentrated  sulphuric  acid  to 
a  temperature  of  from  60°  to  80°,  orcin  yields  orcin-disulphuric 
acid  (dihydric  orcinic  disulphate)  : — 

2SO,Ho,  4-  C,MeH3Ho,  =  Iq^^o^^^^^^^^^^^)"  + 

Sulphuric  Orcin.  Dihydric  orcinic 

acid.  disulphate. 


CHAPTEE  XI. 

TBISTDBIG  ALCOIIOm 

Glycerin  or  QjHo^-iHog  series. 

These  alcohols  contain  three  semimolecules  of  hydroxyl 
united  with  three  different  atoms  of  carbon ;  consequently  the 
lowest  term  of  the  series  contains  three  atoms  of  carbon. 

Only  two  of  these  alcohols  have  been  hitherto  obtained  : — 


r  CH.Ho 

Grlyceriu-  \  CHHo  . 

[  CH^Ho 


H  H  H 
l-I— C— C— C— H 


0    0  0 

I  I  I 

H  H  H 
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H 

I 

H— C— H 

rCH.Ho  H    H— C— H  H 

Ainylglycerin  ...^  CEtHo?  I  I  ( 

[  CH,Ho      H— C  C  -C— H 

A    A  i 
i    i    i  : 

The  constitution  of  amylglycerin  is  not  at  present  established. 
Its  formula  may  possibly  be 

rCEtHHo 
i  CHHo  . 
[CH^Ho 

The  action  of  oxidizing  agents  on  amylglycerin  will  pro- 
bably throw  light  upon  its  internal  structure. 


GLYCERIN. 

fCH,Ho 
^CHHo. 
[CH.Ho 

Sp.  gr.  of  liquid  at  15°-4  is  1'26.  Crystallizes  at  low  tempera- 
tures, and  remains  solid  afterwards  at  ordinary  temperatures. 
Boils  in  vacuo  at  l79°-5. 

Sources.- — Most  animal  and  vegetable  fats  consist  of  mixtures 
of  the  glycerin  ethereal  salts  of  the  fatty,  and  of  the  oleic,  se- 
ries of  acids.  Glycerin  is  liberated  from  these  by  water  at  high 
temperatures,  or  by  bases  giving  salts  insoluble  in  water : — 

]  CH  -O-C(0,H3,)O4-3OH,=  \  CHHo  +3  ^R"??- 
[  CH,-0-C(C„H3,)0  (.CH^Ho      I  ^u±io 

Stearin.  Water.  Glycerin.  Stearic  acid. 
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Belation  of  Glycerin  to  Iso2)ropylic  Alcoliol. 

By  the  action  of  hydriodic  acid,  glycerin  is  converted  into 
isopropylic  iodide : — 

rCH,Ho  rcH3 

^CHHo     +    5HI    =     ^CHI    +    21,    +  30H,. 
i  CH,Ho  [  CH3 

Glycerin.  Hydriodic  Isopropylic  Water, 

acid.  iodide. 


JRelation  of  Glycerin  to  Allytic  Alcoliol. 

"When  diphosphorous  tetriodide  is  brought  into  contact 
with  glycerin,  an  energetic  reaction  ensues,  allylic  iodide  being 
formed : — 

fOH,Ho 

'P'' I,  +  2  \  CHHo    =  2  ]CH     +  2POHH0,  +  L. 
[CH,Ho  {CHJ 

Diphoaphorous  Glycerin.  Allylic  Phosphorous 

tetriodide.  iodide.  acid. 


Eelations  of  Glycerin  to  Fropylic  Glycol. 

The  several  semimolecules  of  hydroxyl  in  glycerin  are 
capable  of  being  replaced  by  chlorine,  bromine,  &c. ;  thus, 
by  the  action  of  hydrochloric  acid  on  glycerin,  one  semimole- 
cule  of  hydroxyl  is  displaced  by  chlorine,  monochlorhydrin 
being  formed : — 

rCH,Ho  rcH,ci 

\  CHHo     +    HCl    =    \  CHHo     +  0H„. 
[CH.Ho  [CH,Ho 

Glycerin.  Hydrochloric  Monochlor-  Water, 

acid.  hydrin. 

Monochlorhydrin  is  identical  with  monochloriuated  propylic 
glycol : — ' 

Monochlorhydrin.  Monochlorinated 
propylic  glycol. 
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By  the  action  of  sodium  amalgam  and  water,  monocUorinated 
propylic  glycol  is  readily  converted  into  propylic  glycol : — 

fC(CH,Cl)HHo    ,    „    _    fC(CH3)HHo  , 

Monochlorinated  Propylic  Hydrochloric 

propylic  glycol.  glycol.  acid. 


JRelations  of  Glycerin  to  the  Trihydric  Acids — Glyceric  Acid 
and  Tartronic  Acid. 

By  the  slow  action  of  nitric  acid,  glycerin  is  converted  into 
glyceric  acid : — 

rCH,Ho  rCH.Ho 

\  CHHo    +    0,    =    ^  CHHo     +  OIL. 

[CH,Ho  "  [COHo 

Glycerin.  Grlyceric  Water. 

acid, 

A  second  semimolecule  of  oxatyl  has  not  been  produced  in 
glycerin,  so  as  to  convert  the  latter  into  a  dibasic  acid ;  but 
there  can  be  little  doubt  that  tartronic  acid,  which  is  formed 
by  the  spontaneous  decomposition  of  nitrotartaric  acid,  is  the 
acid  in  question,  and  that  it  has  the  following  constitution: — 

r  COHo 
\  CHHo. 
[  COHo 

Tartronic  acid. 


Relations  of  Glycerin  to  Acrylic  Acid. 

By  the  action  of  substances  having  an  affinity  for  water, 
such  as  phosphoric  anhydride  or  sulphuric  acid,  glycerin  is  con- 
verted into  acrolein : — 

jCHHo^    -    20^^    +     \COH  • 

•  Glycerin,  Water.  Acrolein. 


ii 

j! 
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By  the  absorption  of  oxygen,  acrolein  is  transformed  into 
acrylic  acid : — ■ 

JCMe'lI  j_  n  _  rCMe"H 
{COH       +    ^    -     \GOHo  • 

Acrolein.  Acrylic  acid. 

Both  these  reactions  are  accomplished  simultaneously  when 
glycerin  is  added  to  fused  potassic  hydrate  : — 

{ill ™"  ^  i^oK^ 

Grljcerin.  Potassic  Potassic  Water, 

hydrate.  acrylate. 


CHAPTER  XII. 
TBIRYBBIQ  ALCOHOLS. 
Pyrogallic  or  CJI2>i-q'H.o^  series. 

Like  the  phenyl  and  orcin  series,  these  alcohols  are  the  direct 
derivatives  of  benzol. 

The  following  bodies  are  believed  to  belong  to  tliis  series, 
whilst  several  otlier  compounds  not  yet  sufficiently  known  will 
probably  soon  be  added  to  it : — 

Melting-point. 

Pyrogallin   1  r  115°. 

Phloroglucin    I  Cfifio,  <  220°. 

Phenomalic  acid  ?  ...  j  I  ~  
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Theory  points  to  four  isomeric  modifications  of  the  formula 
C,H3Ho3,  viz.  :— 

H— C— 0— H  H— C=C— 0— H 

I     I  I  I 

H— C    C— 0— H  H— C    C— 0— H 

I!    li  II  II 

H— C— C— 0— H  H— 0— C— C— H 


H— C=C— 0— H 
H— 0— C    C— H 


H— C— C— 0— H 


H— 0— C=:C— 0— H 

I  I 
H— C    C— H 


H— C— C— 0— H 


It  is  at  present  impossible  to  assign  any  of  these  formulae  to 
the  above  enumerated  three  members  of  this  series  of  alcohols. 

PYROGALLIN,  Fyrogallic  Acid. 
C,H3Ho3. 

Melts  at  115°.    Sullimes  with  partial  decomposition  at  210°. 

Preparation. — 1.  By  heating  gallic  acid  to  210°-220°  in  a 
stream  of  carbonic  anhydride  : — 

{cOH?'    =  +  CO, 

Grallic  acid.  Pyi'ogallin. 

.  2.  By  heating  gallic  acid  with  twice  or  thrice  its  weight  of 
water  to  200°-210°  for  half  an  hour  in  a  Papin's  digester. 
The  reaction  is  the  same  as  in  No.  1. 

Beactions. — 1.  Does  not  neutralize  alkalies  or  form  true  salts. 

2.  Passed  over  heated  zinc,  it  is  transformed  into  benzol : — 


C,H3Ho3  3Zn 

Pyrogallin. 


=    C,H,    +  3ZnO. 

Senzol. 
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3.  Bromine  converts  pyrogallin  into  tribromopyrogallin: — 
C,H3H03    +    3Br,    =    C,Br3Ho3    +  3HBr. 

Pyrogallin.  Tribromopyro- 
gallin. 

4.  Heated  to  250°,  it  yields  water  and  metagallie  acid 

C3H3HO3    =    CeHaOHo    +  OH,. 

Pyrogallin.  Metagallie 
acid. ' 

5.  Ammonia  in  the  presence  of  air  forms  with  it  pyrogallein, 
to  which  the  formula  C^8H2olN"gOjo  has  been  assigned. 

6.  Concentrated  boiling  solution  of  caustic  potash  decom- 
poses it  into  acetic,  oxalic,  and  carbonic  acids. 

7.  An  alkaline  solution  of  pyrogallin  rapidly  absorbs  free 
oxygen,  forming  a  dark-coloured  body,  together  with  acetic  and 
carbonic  acids  and  a  small  quantity  of  carbonic  oxide. 


OTHEB  POLYHYDMIC  ALCOHOLS. 


■JErytJirite  (^ErytJiroglucin,  Llrythromannite,  Phycite,  L'seudor- 
cin)  is  a  tetrahydric  alcohol ;  and  the  acid  corresponding  to  it  is 
tartaric  acid.  Citric  acid  may  also  be  considered  as  derived 
from  an  unknown  alcohol  of  this  series.  A  glance  at  the  for- 
mulae of  these  alcohols  and  acids  will  show  their  relations : — 


CH,Ho 
CHHo 
CHHo- 
CH,Ho 

Erythrite. 


rcoHo 

CHHo 
CHHo- 
^COHo 

Tartaric  acid. 


(  CHHo(CH,Ho)  r  CHHo(COHo) 
]  CH(CH,Ho)  .  4  CH(COHo)  . 
[  CH,(CH,Ho)      [  CH,(COHo) 


Tetrahydric  alcohol 
(unknown). 


Citric  acid. 


.  When  reduced  by  hydriodic  acid,  erythrite  yields  butylic 
iodide : — 


rCH,Ho 
CHHo 
CHHo 
CH,Ho 

Erythrite. 


+    7HI    =  dOH, 


CH3 
CH 
CH 


+  31. 


Hydriodic 
acid. 


Water. 


CH,I 

Butylic 
iodide. 


g2 
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Finite  and  Qiiercite  are  believed  to  be  pentaliydric  alcohols ; 
and  aposorbic  acid  is  probably  a  derivative  of  one  of  tbem  : — 


fCH^Ho 
I  CHHo 
<  CHHo. 
I  CHHo 
LCH^Ho 

Pentahydi'ic 
alcohol. 


fCOHo 
I  CHHo 
<  CHHo. 
I  CHHo 
i  COHo 

Aposorbic 
acid. 


Mannite  is  a  liexaliydric  alcoliol.  There  are  three  acids  cor- 
responding to  this  alcohol :  these  are  saccharic  and  mucic  acids, 
which  are  isomeric,  and  mannitic  acid: — 


fCH.Ho 

rcoHo 

fCH^Ho 

1  CHHo 

CHHo 

1  CHHo 

J  CHHo 
"^1  CHHo' 

J  CHHo 
\  CHHo- 

j  CHHo 
^,  CHHo* 

1  CHHo 

1  CHHo 

I  CHHo 

l^CH^Ho 

i  COHo 

i^COHo 

Mannite. 

Saccharic 
or  mucic  acid. 

Mannitio 
acid. 

Mannite  is  closely  related  to  glucose,  the  latter  containing 
two  atoms  of  hydrogen  less  than  the  former.  Grlucose  can,  in 
fact,  be  converted  into  mannite  by  the  action  of  nascent  hy- 
drogen : — 


rCH.,Ho 
j  CHHo 

"ICHo  + 
CHHo 
CH^Ho 

Glucose. 


H..  =2 


^CH,Ho 
CHHo 
CHHo 
i  CHHo  • 
!  CHHo 
LCH^Ho 

Mannite. 


Alcohols  of  high  hydricity  possess  a  sweet  taste,  in  fact  with 
increase  of  hydricity  the  alcohols  gradually  pass  into  saccha- 
rine substances  or  sugars. 
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CHAPTER  XTTI. 

THE  ETHEES. 

These  compounds  are  the  oxides  of  the  positive  radicals. 

Each  series  of  alcohols  produces  a  series  of  ethers ;  we  have 
thus  ethers  of  the  monohydric,  dihydric,  and  trihydric  alcohols, 
of  which  the  following  are  the  general  formulae  : — 

Methyl  Vinyl  Phenyl 

series.  series.  series.  . 

(C,M2n+l   {C>M,n-l  (C,M.n-, 

Ethers  of  the  monohydric  alcohols 0         •{  0         <  0 


Ethers  of  the  dihydric  alcohols. . .  O^TL^^O. 


Ethers  of  the  trihvdric  alcohols  -  C„H.,_i-0-Ho„_iC„  } 


ETHEBS  OF  THE  MONOHTDBIC  ALCOROLS. 

These  bodies  are  derived  from  the  alcohols  by  the  substi- 
tution of  the  hydroxylic  hydrogen  contained  in  the  latter  by 
a  positive  monad  radical. 

METHYL  SEBIES. 
The  following  list  contains  some  of  the  ethers  of  this  series  :— 

Boilinfj- 
points. 

Methy lie  ether   O  ov    OMe,,  -2r. 

ICH3 

rCHg  (  CH3 

Methylicethjlicether-^  O  or     -^0  or     OMeEt  +11°. 

[  C,H,  I  CMeH.. 

fcX  fCMeH." 

Ethylic  ether  \  O'  or       O       "or     OEt,  35° 'Q. 

[Co'H,  [CMelT., 


CH. 


Methylic  amy  lie  ether  <^  O         or       O  or     OMeAy  92°. 
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1 

'  CMeHo 

0 

or 

0 

or 

C4H9 

Cr  rJ±2 

1 

■  CMeHg 

0 

or 

0 

or 

C  H 

CBuHa 

CA 

'  CPrH^ 

0 

or 

0 

or 

C4H3 

CPrH^ 

'  CBuH, 

0 

or 

0 

or 

,  CBuH, 

Boiling 
points. 

80°?. 

112°. 
104°, 


Amylic  ether   O  or        O  or     OAy^  176°. 

[  CgH.i  [  CBuH^ 

'Formation. — 1.  Bj  tlie  action  of  sulphuric  acid  upon  tlie 
QiHs^j+iHo  alcohols.  The  process  may  be  divided  into  the  two 
following  stages : — 

C„H2„+iHo    +   SO,Ho,   =   SO,Ho(aH2,+iO)   +  OH,. 

Alcohol.  Sulphuric  Sulpho-acid.  Water, 

acid. 

SO,Ho(aH2„+iO)  +  aH2„+iHo  =  j  O  +  SO.Ho^. 

Sulpho-acid.  Alcohol.  Ether.  Sulphuric 

acid. 

2.  By  converting  the  C^Hsn+iHo  alcohols  into  sodium  or 
potassium  compounds,  and  then  acting  upon  the  latter  with 
the  iodides  of  the  monad  positive  radicals : — 

2C„H2„+iHo    +    Na^    =    2C„H2,,+i]S'ao    +  H,. 

Alcohol.  Sodic  alcohol. 


,1    =    J  o 


2)1+1 


C.Hs^+il^^'ao     +     C„H2.+iI    =     j  O  +  Nal. 

Sodic  alcohol.  Iodide.  Ethei',  Sodic  iodide. 

Reaction. — The  ethers  can  be  reconverted  into  the  corre- 
sponding alcohols  by  treating  them  with  sulphuric  acid,  and 
then  distilling,  with  water,  the  sulpho-acid  so  produced : — 

^0  +    2SO,Ho3    =   2SO,Ho(aH2„+iO)   +  OH,. 

lC„H2.+i 

Ether.  Suljihuric  acid.  Sulpho-acid.  Water. 

SO,Ho(C,H2,+iO)   +    OH,    =    SO,Ho,   +  C„H2»+iHo. 

Sulpho-acid.  Water.  Sulphuric  acid.  Alcohol. 
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METHYLIC  ETHER,  MetTiylio  Oxide. 

orOMe^. 
iCH3  - 

Molecular  weight  =46.    Molecular  volume  n~1.    1  litre  of 
methylic  ether  vapour  weighs  23  criths.    Boils  at  —21°, 

Preparation. — By  heating  methylic  alcohol  with  sulphuric 
acid  or  boric  anhydride  : — 

CH3H0    +    SO,Ho,    =    SO,Ho(CH30)    +  OH,; 

Methylic  Sulphuric  Sulphomethylic  Water 

alcohol.  acid.  acid. 


SO,Ho(CH30)    +    CH3H0    =    i  O       +  SO,Ho,. 


Sulphomethylic  Methylic  Methylic  Sulphuric 

acid.  alcohol.  ether.  acid. 

Beaction. — Methylic  ether  is  acted  upon  by  chlorine  under 
the  influence  of  light,  the  hydrogen  being  displaced  atom  for 
atom  by  chlorine.    The  following  compounds  are  formed : — 

CH,ci      fCHci,  rccig 

O        ;       ^  O        ;       \0  , 
CH,C1         [  CHCl,         [  CCI3 

Dichlorinated  Tetrachlorinated  Perchlorinated 

methylic  ether.  methylic  ether,      methylic  ether. 


ETHYLIC  ETHER,  Ethylic  Oxide,  Ether,  Sulphuric  Ether. 
CMeH, 

O  orOEt,. 
CMeH, 

Molecular  weight  =74.  Molecular  volume  \~Y~\.  1  litre  of 
ether  vapour  weighs  37  criths.  Sp.  gr.  =0'723.  Fuses  at 
-31°    Boils  at  SS^-e. 


Preparation. — A  mixture  of  equal  volumes  of  sulphuric  acid 
and  alcohol  is  heated  to  a  temperature  of  from  140°  to  145°,  and 
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;i  coiititant  !>trca)u  of  alcohol  is  nllowedto  How  into  (lie  mixture. 
Ether  and  water  distil  over  togetlier.  'Uwo  reactions  take  place 
successively  :  in  the  tlrst.  ihv  alcohol  is  converted  into  snlpho- 
vinic  acid  ;  and  in  the  second  the  sulphovinic  acid  is  converted  by 
a  further  quantity  of  alcohol  into  sulphuric  acid  and  ether : — 

EtHo       +    SO,Ho3  =    SO.EtoI-Io    +  OH,. 

Alcohol.  Suliihuric  acid.  Sulphovinic  acid.  Water. 

SO.EtoHo    +     EtHo     =        OEt,        +  SO.Ho,. 

Suli^hovinic  acid.  Alcohol.  Ether.  Sulphuric  acid. 

In  this  manner  the  same  quantity  of  sulphuric  acid  can 
convert  an  unlimited  quantity  of  alcohol  into  ether. 

The  formation  of  ether  is  not  due  to  the  simple  removal  of 
water  from  two  molecules  of  alcohol  by  sulphuric  acid.  This 
is  proved,  first,  by  the  sulphuric  acid  not  becoming  more 
dilute,  and,  secondly,  by  the  fact  that,  if  sulphamylic  acid  be 
acted  upon  by  ethylic  alcohol,  the  mixed  ethylic  amylic  ether  is 
formed : — 

SO.AyoHo    -f    EtHo    =    SO.Ho,    +  OAyEt. 

Sulphamylic  acid.  Ethylic  Sulphuric  Ethylic  amylic 

alcohol.  acid.  ether. 

Reactions. — 1.  Ethylic  ether,  when  mixed  with  an  equal 
volume  of  sulphuric  acid,  produces  sulphovinic  acid: — 

OEt,    +    2SO,Ho,    =    2SO,EtoHo    +  OH,. 

Ethylic  ether.        Sulphuric  acid.  Sulphovinic  acid>  Water, 

2.  Hot  nitric  acid  converts  ethylic  ether  into  carbonic,  acetic, 
and  oxalic  acids. 

3.  Exposed  to  the  air,  it  gradually  absorbs  oxygen  and  is 
transformed  into  acetic  acid : — 

fCH,, 

<;  O       +    0,    =    2  \  .  +  OH,. 

I  CH  ^  ^^^^^ 

Ethylic  ether.  Acetic  acid.  Water. 
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ETHYLIC  SULPHIDE,  Suli^lnn-  FJlirr. 

^'  s      '  oi-  Si-:i.. 

Molecular  loeight  =90.    Molecular  volume  ^  ^^'^^'^  ^/ 

cthjUc  suljpliide  vajjour  lueiglis  '^^)  erlfhs.    Soils  at  73°. 
I^rejjaratioii. — By  adding  ethylic  chloride  to  potassic  sul- 
pliide,  and  distillincf : — • 

2CMeHoCl    +    SK,    =  ^  S        '    +  2KC1. 

[  CMeH, 

Ethylic  chloiidc.  Potassic  Ethylic  sulphide.  Potassic 

sulphide.  cliloride. 

Reactions. — 1.  Ethylic  sulphide   combines  directly  with 
ethylic  iodide,  forming- 
Sulphurous  triethylo-iodide    SEtgl. 

By  the  action  of  argentic  oxide  on  this  iodide,  the  corre- 
sponding hydrate  may  be  formed  : — 

SEt3l    +   AgHo  =     SEt.Ho    +  Agl. 

Sulpliurous  Argentic  Sulphurous  Argentic 

triethj'-lo-  hydrate.  ti'iethylo-  iodide, 

iodide.  '  hydrate. 

2.  By  cold  nitric  acid  it  is  converted  into  sulphurous  dieth- 
oxide  (SOEt^),  which  by  more  powerful  oxidizing  agents  is 
transformed  into  diethylsulphon  (sulphuric  diethoxide),  SO^Et,, 
which  melts  at  70°  and  boils  at  248°. 


UTIIUm  OF  TIIF  VINTL  AND  FRENYL  SERIES. 

Of  the  ethers  of  the  vinyl  series,  allvlic  ether,  <  O  , 
alone  is  known.    It  boils  at  82°. 

In  the  phenyl  series,  phenylic  etiicr,  <  O  ,  and  beuzyUc 
ether,  •{  0     ,  have  been  obtained. 
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By  digesting  benzylic  chloride  witli  potassic  phenylate,  a 
mixed  ether,  phenyl-benzyl  ether,  is  formed : — 


CH,01 


Benzylio 
chloride. 


+    C,H,Ko    =    KCl  + 


Potassic 
phenylate. 


Potassic 
chloride. 


N,  fa  O 

Phenyl-benzyl 
ether. 


ETREBS  OF  THE  JDIRYDBIQ  ALCOHOLS. 
Of  these  the  three  following  are  known,  but  the  first  only 
has  been  carefully  studied : — 

Boiling-points. 

Ethylenic  oxide,  C^H.0   13°-5. 

Propylenic  oxide,  CgHeO   35°-0. 

Amylenic  oxide,  CgH.oO   95°'0. 


ETHYLENIC  OXIDE,  Ethylenic  Ether. 


Molecular  weight  =44.  Molecular  volume  I  I  I.  1  litre  of 
ethylenic  oxide  vapour  weighs  22  criths.  Soils  at  13°  5. 
"Preparation. — Ethylenic  oxide  is  obtained  from  glycol  by 
converting  the  latter,  first  into  ethylenic  chlorhydrate,  or 
chlorhydric  glycol,  by  the  action  of  hydrochloric  acid,  and 
subsequently  treating  the  compound  thus  formed  with  potassic 
hydrate : — • 


J  CH.Ho 
{  CH^Ho 


+  HCl 


Glycol. 


f  CH.Ho 
\  CH^Cl 

Ethylenic 
chlorhydrate. 


Hydrochlo- 
ric acid. 


+  KHo 

Potassic 
hydrate. 


=  { 
=  { 


CH,Ho 

ch;ci 

■  Ethylenic 
chlorhydrate. 


+  OH, 


Water. 


ch; 


O     +    OH,    +  KCl. 


Ethylenic 
oxide. 


Water. 


Potassic 
chloride. 
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'  Isomers.^'EthjlemG  oxide  is  isomeric  witK  vinylic  alcohol 
and  acetic  aldehyde.  The  nature  of  this  isomerism  is  seen  in 
the  following  formulae  :■ — 

H  H 

I' 

Ethylenic                  i  Vinylic  i 

oxide.                   I  alcohol.  I 

H  O 


H 

Acetic  aldehyde.  JJ  Q  __  Q 


BeacUons.—l.  Ethylenic  oxide  unites  with  nascent  hydrogen, 
forming  alcohol : — 

Ethylenic  Alcohol, 
oxide. 

2.  It  also  unites  with  oxygen,  forming  glycoUic  acid : — 

Ethylenic  Grlycollic 
oxide.  acid. 

fS.  It  is  a  basic  substance,  and  unites  directly  with  acids <' 
fCH,^     ,  _  fCH^Cl 

Ethylenic  Hydro-  Ethylenic 

oxide.  chloric  chlorhydrate 

acid.  or  chlorhydric 

glycol. 

4.  Ethylenic  oxide  precipitates  as  hydrates  many  metals  from 
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►«olutlo]i8  of  their  salts,  such  as  tlie  ferric,  alinninic,  cuprie,  and 
inngnesic  hydrutes  :  — 

2{gg;0  +  MgCL  +  20H,  =:i{§5Ho  +  ^S^"- 

Ethylenic         Magnesio  Water.  Efchylenio  Jfafrnesic 

oxide.  chloride.  chlorhydrato.  hj^drate. 

6.  It  also  combiues  directly  with  water,  reproducing  gly- 
col : — 

fCH.^  .       r^rr  f  CH  JIo 


CH:^    +    OH,  = 

Ethylenic  Water.  Glycol, 

oxide. 

These  reactions  exhibit  a  wide  difference  between  the  beha- 
viour of  ethylenic  ether  and  that  of  ethylic  ether.  This  dif- 
ference arises  from  the  fact,  that  in  ethylic  ether  the  ethyl 
semimolecules  are  held  together  by  the  oxygen  only,  whereas  in 
ethylenic  ether  the  linking  of  the  two  groups  of  CH,  does  not 
depend  on  the  oxygen  atom  alone,  as  will  be  seen  from  the 
following  formulas  :— 

H  H        H  H 

Ethylic  ether    H— C— C— 0— C— C— H  =  ^  0  . 

II  II  C,K 

II  H        H  H 

II  II 

Ethylenic  eth^r    H-C— C— H    =  {  ^• 

On  account  of  this  peculiarity  of  constitution,  ethylenic  oxide 
can  combine  directly  with  many  substances  without  the  dis- 
ruption of  its  molecule, — a  property  which  obviously  cannot 
be  possessed  by  ethylic  ether. 


ETSEBS  OF  THE  miRYDBW  ALCOHOLS. 
Of  these  only  one  is  known,  viz. : — 
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GLYCYLIC  ETHER,  Olycylic  Oxide. 
H  H 

I  I 
H— C— 0— C-H 

H— C— 0-C— H  =  \  CH  -0-H  C  \  . 
I  I  iCH,.0-I-I,cj 

H— C— 0— C— H 

I  I 
H  H 

Preparation. — By  the  aotion  of  potassic  hydrate  on  so-called 
iodhydrin: — 

.<  0         +  KHo  =  KI  +  OH,  +  i  CH-O-HC  I . 
CH,  [CH,-0-H,cJ 
CHI 
l^CH,Ho 

Iodhydrin.       Pofcassio       Potassic       Water.  Glycylic  ether, 

hydrate.  iodide. 


CHAPTER  XIV. 

THE  HALOID  ETHEES. 

Each  series  of  positive  radicals  forms  its  own  series  of  haloid 
ethers. 

These  ethers  are  produced  by  the  substitution  of  hydroxy!  in 
the  alcohols  by  chlorine,  bromine,  iodine,  fluorine,  or  cyanogen. 

Haloid  MTiers  of  the  Monad  Positive  Radicals. 
As  these  radicals  can  only  unite  with  one  semimolecule  of 
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hydroxyl,  they  can  only  form  one  haloid  ether.  Each  series  of 
radicals  therefore  forms  one  series  of  haloid  ethers  : — 

I.  Haloid  ethers  of  the  fom  C^H2„+iCL 
»        jj       »      ?>  C„H2,j_iCl. 

HI*  „  5,  „  C„H2m_7C1. 

The  following  will  serve  as  examples  of  the  three  series  : — 

H  H  H 

Propylic  iodide...       Ofl^l  |      |  | 

or  H— C— C— C— I 

C(C,H,)HJ.  Ill 
^  '  H  H  H 

H 

AUylic  iodide  ...  \ 

or  I— C— C=C— H 

C(C,HJHJ.  Ill 
H  H  H 

H-C=C— H 

Phenylic  iodide...       C.H.I  H— C    C— I 

II  II 
H— C— C— H 


Haloid  Ethers  of  the  Dyad  Positive  Badicals. 

As  the  dihydric  alcohols  contain  two  semimolecules  of  hy- 
droxyl,  it  follows  that  there  are  two  classes  of  haloid  ethers 
derivable  from  them.  The  first  is  formed  by  the  substitution 
of  one  of  the  semimolecules  of  hydroxyl  by  chlorine,  bromine, 
&c.,  and  the  second  by  the  like  displacement  of  both  semi- 
molecules of  hydroxyl : — 

I.  Haloid  ethers  of  the  form  C^Ho^HoCl. 

II.  55  ;5  5,  55        C^iHo^j  Cljj  • 

The  following  examples  will  suffice  to  illustrate  the  consti- 
tution of  both  these  classes  of  haloid  ethers : — 
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Chlorhydric  glycol  or  ethy-  H  H 

lenic  chlorhydrate   C^H^HoCl  II 

I  I 

rCH,Ho  o  CI- 

ICH,C1  •  I 
H 

EthylenicdicUoride    C,H,C1,  H  H 

^  H-Li-H 

rcH,ci        I  I 


Haloid  JEtJiers  of  the  Triad  'Positive  'Radicals. 

Three  classes  of  haloid  ethers  are  derived  from  the  trihydric 
alcohols  by  the  successive  substitution  of  the  three  semi- 
molecules  of  hydroxyl  contained  in  these  alcohols  by  chlorine, 
bromine,  &c.  A  fourth  class  also  exists,  which  stands  inter- 
mediate between  the  ethers  and  the  haloid  ethers,  and  which 
is  formed  by  the  substitution  of  one  of  the  semimolecules  of 
hydroxyl  in  the  alcohol  by  a  monad  negative  radical,  such  as 
chlorine,  bromine,  or  cyanogen,  and  the  remaining  two  semi- 
molecules  of  hydroxyl  by  a  dyad  oxygen  : — 

I.  Haloid  ethers  of  the  form  C^Hs^-iHo^Cl. 
II.      „        „  „  C„H2„_iHoCl2. 

III.  „  J,  „  0„H2,i_iCl3. 

IV.  »        „  „  CJl2„_iOCl. 
The  following  are  examples  of  each  of  these  classes  :— 

f  CH,Ho 
Chlorhydrin.  \  CHCl 
tCH,Ho 


H  H  II 

I     I  I 
H~C— C— C— H 

o  CI  i 
■  I  I 

H  H 
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II    II  II 

r  CH^Cl  H— C-C— C— H 

Diclilorhydrin  ...  <^  CHIIo.  I     |  | 

ICH.Cl  CI  O  CI 

HUH 

rcii^ci  I    I  I 

Trichlorbydrin        CHCl  .  H— C_C_C— II 

iCH..Ci  I     I  I 

CI  CI  CI 

H  II  H 

Ilydrocliloric        f  CH.Cl  |      |  | 

glycide  or  epi.  j  CH  q  .  H— C— C  C— H 

chlorhydria  . . .  I  C!H^  |      |  | 

^  CI  ^0^ 


HALOID  ETREBS  OF  THE  MONAD  POSITIVE 
RADICALS. 

Preparation. — These  ethers  are  produced  by  tlie  following 
general  reactions  : — 

1.  By  the  action  of  the  liydracids  upon  the  alcohols  : — 
CJI^^+iHo    +    HCl    =    C„H2„+iCl    +  OH,. 

Alcohol.  Hydrochloric         Haloid  ether.  Water, 

acid. 

2.  By  the  action  of  phosphorous  chloride  on  the  alcohols: — 
3a.H2„+iHo    +    PCI3    =    3C„H2,,+iCl    +  POHHo,. 

Alcoliol.  Phosphorous  Haloid  ether.  Phosphorous 

chloride.  acid. 

3.  By  the  action  of  chlorine  on  the  hydrides  of  the  radi- 
cals : — 

C.H^^+xH:    4-    CI,    =    C,.Ho„+iCl    +  HCl. 

Hydride.  Haloid  ether.  Hydrochloric 

acid. 
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It  is  obvious  that  in  these  reactions  bromine  and  iodine  may- 
be used  instead  of  chlorine. 

These  reactions  apply  equally  to  the  C^Hs^.i  and  C.,Jl2n-'r 
series. 

Por  the  preparation  of  the  nitriles,  which  are  isomeric  with 
the  cyanides  of  the  radicals,  two  special  reactions  (Nos.  1  and  2) 
are  employed. 

1.  The  distillation  in  the  dry  state  of  a  mixture  of  the  po- 
tassic  sulphate  of  the  radical  with  potassic  cyanide  : — 

SO,Ko(C„H2,+iO)    +    KCy   =   SO.Ko,  +  CA,+iCy. 

Potassic  sulphate  of  the  Potassic  Potassic  Abnormal  cyanide 

radical.  cyanide.  sulphate.  or  nitrile. 

2.  The  fatty  acids  are  converted  into  ammonium  salts  and 
distilled  with  phosphoric  anhydride,  when  the  abnormal  cyanides 
of  the  positive  radicals  which  they  contain,  or  nitriles,  are  pro- 
duced : — 

{cfe.O)    +  =  {g-J^?,+.    +  4PO,Ho. 

Ammonium  Phosphoric       Abnormal  cyanide  Metaphosphoric 

salt.  anhydride.  or  nitrile.  acid. 

8.  By  the  action  of  chloroform  on  an  amine  in  the  presence 
of  an  alcoholic  solution  of  potassic  hydrate,  a  normal  cyanide  is 
produced.  These  cyanides  are  isomeric  with  those  obtained 
by  the  two  previous  processes,  and  appear  to  contain  nitrogen 
in  the  pentad  condition  : — 

{^h"^'    +    CIHCI3    =    3HC1  +  1^'^^'"+^ 

Amine.  Chloroform.  Hydrochloric  Cyanide. 

acid. 

Meactions. — 1.  Treated  with  alcoholic  solution  of  potash, 
most  of  the  haloid  ethers  of  the  C^Hg^+i  series,  except  the  cya- 
nides, are  reconverted  into  alcohols : — 

C„H2„+iCl    +    KHo    =    C„H2„+iHo    +  KCL 

Haloid  ether.  Potassic  Alcohol.  Potassic 

hydrate.  chloHde. 


2.  The  nitriles,  or  abnormal  cyanides,  under  similar  circum- 

VOL.  II.  H 


98  THE  HALOID  ETHERS. 

stances  are  converted  into  potassic  salts  of  the  acids  which 
contain  the  positive  radical  of  the  cyanide  : — 

+    KHo    +    OH,    =  {g"^-+'    +  NH3. 

Abnormal  Potassic  Water.  ~       Potassic  Ammonia- 

cyanide,  hydrate.  salt. 

3.  The  nitriles  or  abnormal  cyanides  when  submitted  to  the 
action  of  acids  yield  an  ammonic  salt  and  a  fatty  acid : — 

+  HCl    +  20H,  =  NH.Cl  +  {^'Jl'J'. 

Nitrile.         Hydrochloric        Water.  Ammonic  Fatty  acid, 

acid.  chloride. 

4.  The  normal  cyanides  when  acted  on  by  acids  behave  like 
hydrocyanic  acid  (see  p.  28),  producing  formic  acid  and  the 
hydrochlorate  of  an  amine  : — 

{Sr'c"'^'  +  HCl  +  2OH,  =  {|oH„  +  N(C„H,„+0H,C1. 

Cyanide.    Hydrochloric   Water.  Formic  Hydrochlorate 

acid.  acid.  of  amine. 

This  reaction  appears  to  take  place  in  three  stages ;  and  in 
the  case  of  phenylic  cyanide  the  intermediate  compounds  have 
been  obtained : — 

2{n"c°    +    20H,    =  +  N,(CH)'"(CA),H. 

Phenylic  Water.  Formic  Formyl-diphenyl-diamine. 

cyanide.  acid. 

N,(CH)"'(CA),H    +    OH,  =  {SAoH)H  + 

Formyl-diphenyl-diamine.  Water.         Phenyl  formamide.  Phenylamine. 

{N(cbH)H    +  =     {wh;    +  {cOHo- 

Phenyl  formamide.  Water.  Phenylamine.  Formic  acid. 

5.  "When  the  iodides  are  digested  with  zinc  or  magnesium, 
the  radicals  are  either  liberated  or  unite  with  the  metal : — 

2CA,,J    -f    2Zn    =    Zn(CA,+0.    +  Z^I,, 

Iodide.  Organo-zinc  Zincic 

compound.  iodide. 
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or 

2c,,H,,+j  +  zn  =  {c;;i';;:|;;  +  ^sni,. 

Iodide.  Free  Zincic 

radical.  iodide. 

6.  "When  the  iodides  are  submitted  to  the  action  of  sodic 
ethylate,  a  mixed  ether  (or  a  simple  ether  if  n=2)  is  formed : — 

C^H^Nao    +    0,.H2„+iI    =  \  o"  +  Nal. 

[  C  A 

Sodic  Iodide.  Ether, 

ethylate. 

7.  The  haloid  ethers  of  the  monad  positive  radicals  are  the 
representatives  of  the  hydracids  of  mineral  chemistry,  and 
unite  directly  with  ammonia,  producing  salts  which,  when  treated 
with  potassic  hydrate,  yield  compound  ammonias  containing  the 
basylous  radical  of  the  haloid  ether  in  the  place  of  one  atom  of 
hydrogen : 

NH3    +    EtI    =  NH^Etl. 

Ammonia.  Ethylic  Ethylammonic 

iodide.  iodide. 

MHgEtl    +    KHo    =    NEtH,    +    KI    +  OH,. 

Ethylammonic  Potassic  Ethylamine.  Potassic  Water, 

iodide.  hydrate.  iodide. 


METHYLIC  CHLORIDE. 

CH3CI  or  MeCl. 

Molecular  weight  =50'5.    Molecular  volume  \  \  |. 
metliylic  chloride  vajpour  weigh 
-21° 


1  litre  of 
25'25  criths.    Boils  at 


Preparation. — By  heating  together  sodic  chloride,  methylic 
alcohol,  and  sulpliuric  acid  : — 


SO.Ho, 

Sulphuric 
acid. 


+    MeHo  = 


Methylic 
alcohol. 


SO.MeoHo 

Sulphomethylic 
acid. 


OH,. 

Water. 


SOMeoHo    +    NaCl    =    MeCl    +  SO.HoNao. 


Sulphomethylic 
acid. 


Sodic 
chloride. 


Methylic 
chloride. 


Hydric  sodic 
sulphate. 

h2 
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Reaction.'— 'B J  the  action  of  chlorine,  methylic  chloride  pro- 
duces three  substitution  derivatives  : — 

Boiling- 
point. 

Monochlorinated  methylic  chloride,  CH^Clo.  31° 
Dichlorinated  „  „      CHCI3"  60°-8 

Trichlorinated  „  „      CCl,.  78° 

Chloroform,  acted  on  by  povrdered  zinc  and  a  solution  of 
ammonia,  produces  niethylenic  dichloride,  boiling  between 
40°  and  42°.  It  seems  to  differ  from  monochlorinated  methylic 
chloride,  which  is  said  to  boil  at  31°. 


CHLOEOFORM,  JDicUorinated  Methjlic  Chloride. 
CHCI3. 

Molecular  weight  =119*5.  Molecular  volume  \  \  \.  1  litre  of 
chloroform  va]^ our  lueighs  59'75  criths.  Sp.gr.  1*48.  Boils 
at  60°-8. 

Preparation. — This  compound  is  manufactured  in  large 
quantities  by  heating  alcohol  with  a  solution  of  calcic  chloro- 
hypochlorite  {chloride  of  lime^ .  It  may  also  be  made  by  treat- 
ing methylic  alcohol  in  the  same  manner.  Por  the  reaction 
see  p.  57. 

'Reactions. — 1.  Chloroform  is  transformed  into  potassic  for- 
mate by  boiling  with  alcoholic  potash  : — 

CHCI3   +   4KHo    =    CHOKo    +    3KC1    +  20H,. 

Chloroform.  Potassic  Potassic  Potassic  Water, 

hydrate.  formate.  chloride. 

2.  When  acted  upon  by  chlorine  in  the  presence  of  sunlight, 
the  hydrogen  of  chloroform  is  displaced  by  chlorine,  and  carbonic 
tetrachloride  (CCl^)  formed. 


ETHYLIC  IODIDE. 
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ETHYLIC  CHLORIDE. 

C.H^Cl  or  EtCl. 

Molecular  weight  =64*5.  Molecular  volume  \~\~].  1  litre  of 
ethylic  chloride  vajjour  weighs  32*25  criths.  Sp.  gr.  0*874. 
Boils  at  ll°-5. 

Preparation. — Ethylic  alcohol  is  saturated  with  hydrochloric 
acid,  and  digested  in  sealed  tubes  at  100°  for  one  or  two  hours, 
when  the  mixture  separates  into  two  layers,  the  upper  one 
being  the  ethylic  chloride : — 

EtHo    +    HCl    =    EtCl    +  OH,. 

Alcohol.        Hydrochloric        Ethylic  Water, 
acid.  chloride. 


ETHYLIC  IODIDE. 

C^HJ  or  EtI. 

Molecular  weiglit  =156.    Molecular  volume  QZl-    1  ^H'"'^ 
ethylic  iodide  vapour  weighs  78  criths,     Sp.  gr.  1*9464. 
Boils  at  72°-2. 

Preparation.— Bj  placing  in  a  retort  two  parts  by  weight  of 
alcohol  and  one  of  amorphous  phosphorus,  and  then  introducing 
five  parts  of  iodine  and  distilling  in  a  water-bath  : — 

3C,H,Ho    +    P    +    I3    =    3C,H,I    +  POHHo,. 

Alcohol.  Ethylic  Phosphorous 

iodide.  acid. 

Beaction. — Ethylic  iodide,  when  heated  with  water  in  a 
sealed  tube,  produces  ether  and  hydriodic  acid  : — 


2aH  J    +    OH.    =  ^  0        +  2HI. 


Ethylic  Water.  Ether.  Hydriodic 

iodide.  acid. 
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The  methylic  and  amy  lie  iodides  are  similar  liquids,  and  ob- 
tained by  analogous  processes  ;  the  methylic  iodide,  CH3I,  has 
the  sp.  gr.  2-237,  and  boils  at  42°  C.  Amylic  iodide,  CjH^  J,  has 
the  sp.  gr.  1-511,  and  boils  at  146°. 

The  haloid  compounds  of  the  allylic  and  phenylic  series  are 
of  comparatively  little  importance. 


HALOID  ETREBS  OF  THE  DYAD  POSITIVE 
BADIGALS. 

I.  Haloid  ethers  of  the  form  C^Ho^HoCh 

Preparation. — These  ethers  are  prepared  by  the  action  of  the 
hydracids  on  the  glycols.  The  following  will  serve  as  examples 
of  this  class  : — 

Ethylenic  chlorhydrate  or  chlorhydric  glycol  |  q jj^q^^*- 


Ethylenic  iodhydrate  or  iodhydric  glycol  ...  | 


CH.Ho 
CHJ  • 


Treated  with  potassic  hydrate,  both  these  bodies  give  ethy- 
lenic oxide,  as  previously  described  (p.  90). 


II.  Haloid  ethers  of  the  form  C„H2«Cl2. 

Preparation. — These  ethers  are  generally  formed  by  the 
direct  union  of  the  dyad  radicals  with  the  negative  elements. 

The  following  list  comprises  the  chief  members  of  this 
class : — 

Boiling-point. 

Methylenic  chloride   CH^Cl,    40° 

iodide    CHj/   181° 

Ethylenic  chloride    CJI.Cl,    85° 

bromide    CJI.Brl    129°' 


ETHYLENIC  BROMIDE. 
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Ethylenic  iodide   

....  C.HJ,  

Boiling-point. 

Propylenic  chloride 

...    C3H„C1,  ... 

103° 

„  bromide 

...    C,H,Br,  ... 

144° 

„  iodide  

•  ■  ■  CI3HJ2  

...    C,H,C1,  .. 

127° 

„  bromide 

...    C^Br,  .. 

160° 

Amylenic  chloride   

...    C,H„C1,  .. 

...    C,H„Br,  .. 

.... 

By  the  action  of  potassium,  sodium,  or  zinc,  the  radicals  are 
again  liberated,  except  in  the  case  of  the  methylene  compounds. 
The  bromides  are  the  most  important  members  of  the  series. 


ETHYLENIC  BROMIDE. 

C,H,Br3  or    {^^^l  or  Et"Br,. 

Molecular  weight  =188.    Molecidar  volime  \  \  |.    1  Hire  of 
ethylenic  hromide  vapour  weighs  94  criths.    Sp,  gr.  2 '16. 
Fuses  at  —18°.    Boils  at  129°. 
Preparation. — By  agitating  bromine  and  water  with  ethy- 
lene. 

Reactions. — 1.  Boiled  with  alcoholic  potash  it  yields  brom- 
ethylene  or  vinylic  bromide  : — 

C,H,Br,    +    KHo    =    C.HgBr    +    KBr    +  OH^. 

Ethylenic  Potassic  Vinylic  bromide  Potassic  Water, 

bromide.  hydrate.  or  bromethylene.  bromide. 

2.  Heated  with  an  alcoholic  solution  of  potassic  acetate,  it 
yields  monacetic  glycol. 

r  CH.Br    ^    ^p,^^  nir      .    nxT  J  CH,-0-CMeO 

icH:Br    +    2CMeOKo   +    OH,  =  [q^I^o 

Ethylenic  Potassic  Water.  Monacetic  glycol, 

bromide.  acetate. 

+    CMeOHo    +  2KBr. 

Acetic  Potassic 
acid  bromide. 
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ETHYLENIC  CYANIDE,  miiylenic  mtrile. 
Fuses  at  37°. 

Preparation. — Bj  heating  ethylenic  bromide  with  potassic 
cyanide  to  100°  for  sixteen  hours  : — 

tCH,Br    +  -    tCH,(CN"')  + 

Ethylenic  Potassic  Ethyleuic  Potasaic 

bromide.  cyanide.  nitrile.  bromide. 

Beaction. — "When  "boiled  with  alcoholic  potash,  ethylenic 
nitrile  or  abnormal  cyanide  yields  potassic  succinate  : — 

f  CH,(CN"')  _  rCH/COKo)  2NH 

Ethyleuic  Potassic         Water.  Potassic  Ammonia, 

nitrile.  hydrate.  succinate. 


HALOID  ETREBS  OF  THE  TBIAE  POSITIVE 
BAEICALS. 

I.  of  the  form  CJIon-iKofil 

Boiling- 
point. 

r  CH^Ho 

Chlorhydrin   ...^CHCl   227°. 

[  CH3H0 

r  CHJIo 

Bromhydrin         CHBr   180°  in  vacuo. 

[  CH,Ho 

II.  of  the  form  CA,_JIoC\. 

r  CH.Cl 

Dichlorhydrin...^  CHHo    180°. 

[  CH,C1 
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III.  of  the  form  C,H,,_iC]3. 

Boiling- 
point. 

r  cH,ci 

Triclilorhydrin..^  CHCl    155°. 

i  CH,C1 

lY.  Of  tlie  form  C„H2„_iOCl. 

Hydrochloric      r  CH  ^ 

glycideor  epi-J  CH^   118° 

chlorhydrin  ...  I  CH^Cl 

Treigaration. — The  ethers  of  the  first  three  forms  are  obtained 
by  the  action  of  the  hydracids  upon  glycerin ;  whilst  those  of  the 
fourth  are  produced  by  the  action  of  alkalies  upon  the  second 
form  of  compounds. 


CHAPTER  XV. 

THE  ALDEHYDES. 

These  compounds  are  intermediate  between  the  alcohols  and 
the  acids.  They  are  formed  from  alcohols  by  the  abstraction  of 
hydrogen ;  hence  the  name,  which  is  an  abbreviation  of  alcohol 
dehydrogenatim. 

Three  series  of  aldehydes  are  known,  corresponding  to  the 
three  series  of  monacid  alcohols,  viz. : — 

A.  Aldehydes  derived  from  C^Hsn+iHo  alcohols, 
jj  5j        »    C„H2n_iHo  „ 

Preparation. — 1.  The  aldehydes  are  formed  by  the  oxidation 
of  the  alcohols ;  ethylic  alcohol,  for  instance,  yields  acetic  alde- 
hyde : — 


106 


THE  ALDEHYDES. 


JCH3 

1  CH^Ho 

Ethjlic 
alcohol. 


+    0  = 


JGH3 

ICOH 

Acetic 
aldehyde  ^ 


OH,. 

Water. 


2.  Aldehydes  are  also  formed  by  distilling  a  mixture  of  mole- 
cular quantities  of  the  potassic  salt  of  a  fatty  acid  and  of  potassic 
formate  : — 


/CH, 
tCOKo 

Potassic 
acetate. 


+ 


jcOKo 

Potassic 
formate. 


rcH, 

tCOH 

Acetic 
aldehyde. 


+ 


COKo,. 

Potassic 
carbonate. 


This  is  an  important  reaction,  as  by  its  means  the  series 
of  fatty  acids  can  be  ascended;  for  the  aldehyde  may  next 
be  transformed  into  an  alcohol  by  nascent  hydrogen  then  the 
alcohol  converted  into  an  abnormal  cyanide  or  nitrile,  which 
by  treatment  with  potassic  hydrate  gives  the  potassic  salt  of 
the  next  higher  acid.    Thus  : — 


'CH3 
COH 

Acetic 
aldehyde. 


ICH3  . 
1  GH.Ho  ' 


JCH3 
1  CH^Ho 

Ethylic 
alcohol. 


SO.HoEto 


Sulphovinic 
acid. 

JCMeH 
I  CN'" 

Ethylic 
nitrile. 


SOJIo., 


Sulphnrio 
acid. 


Ethylic 
alcohol. 


SO,HoEto 

Sulphovinic 
acid. 


+  OH, 


Water. 


+    CN'"K     =    SO.KoHo  + 


J  CMeH. 
\CN"' 


Potassic 
cyanide. 


Hydric  potassic 
sulphate. 


Ethylic 
nitrile. 


2  4.    KHo    +  OH, 


Potassic 
hydrate. 


Water. 


/  CMeH, 
jCOKo" 

Potassic 
propionate. 


+  NH,. 


Ammonia. 


Starting  again  with  potassic  propionate,  instead  of  potassic 
acetate,  the  same  series  of  reactions  can  be  performed,  resulting 
in  potassic  butyrate,  and  so  on. 


ir  o 


*H— C— C 

I  I 
H  H 
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'Reactions. — 1.  By  direct  absorption  of  oxygen,  the  aldehydes 
are  transformed  into  the  corresponding  acids : — 

jCOH      +    ^    -    jcOHo  • 

Aldehyde.  Acid. 

2.  Also  heated  with  ammoniacal  solution  of  argentic  oxide, 
the  aldehydes  are  converted  into  acids,  metallic  silver  being 
deposited  : — 

Aldehyde.  Argentic  oxide.  Acid. 

3.  When  heated  with  potassic  hydrate,  the  aldehydes  yield 
the  potassic  salts  of  the  corresponding  acids,  with  evolution  of 
hydrogen:  — 

{gbV    +    KHo    =  +  H, 

Aldehyde.  Potassic  Potassic 

hydrate.  salt. 

4.  Treated  with  nascent  hydrogen,  they  are  converted  into 
the  corresponding  alcohols : — 

jCOH      +    -tia    -  jcH.Ho- 

Aldehyde.  Alcohol. 

5.  Most  aldehydes  combine  directly  with  ammonia,  forming 
crystalline  compounds  : — 

\COH      +    ^^^3    -  tC0(NH,)' 

Aldehyde.  Ammonia.  Ammonium  , 

compound. 

6.  Aldehydes  also  combine  with  the  alkaline  hydric  sulphites, 
producing  crystalline  compounds : — 

{cOh'^'    +    SOKoHo     =  SOKoHo, 

Aldehyde.  Hydric  potassic 

sulphite. 
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A.  ALDUHYDUS  DJEBIVED  FROM  THE  C„H2„+iHo 
SEHIES  OF  ALCOHOLS. 


The  following  are  known : — 

Fusing-  Boiling- 
point,  point. 

Formic  aldehyde  •••|qq]j       

Acetic  aldehyde  |      jj      21°. 

Propionic  aldehyde..  I  ^Qj^^^  or  {q^^^^^^      (40°-45°). 

Butyric  aldehyde      {cQH  '  ''''  {cOH^'''^'     (68°-75°). 

Valeric  aldehyde    ...{cqh"'  {cOH^''*^'    

(Enanthic  aldehyde..  I or  j^^^^^^^i^^^  below -12'.  152°. 

Capric  aldehyde  (cOH^"'^"^'   ~ 

Euodic  aldehyde  {§oH^^'^^'   +  7^  213^ 

Laurie  aldehyde  |  cqh"^'''^'^'     232°. 

Palmitic  aldehyde  . . .  |  coH 


ACETIC  ALDEHYDE,  Aldehyde. 

ICH3 
ICOH- 

Molecular  loeiglit  =44.  Molecular  voltme  |  |  |.  1  litre  of 
aldehyde  vajoour  iceiglis  22i  critJis.  S^.  gr.  =0*79.  ^oils 
at  21°-8. 

Freparation. — 1.  By  oxidizing  alcohol  with  chromic  acid, 
chlorine  water,  or  manganic  oxide  and  sulphuric  acid  : — 

{§h:Ho    +    O    =  {§^3^    +  OH,. 

Ethylic  Acetic  Water, 

alcohol.  aldehyde. 

2.  By  oxidation,  casein,  fibrin,  and  albumen  also  yield  alde- 
hyde. 
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3.  Aldehyde  is  formed  when  the  vapour  of  alcohol  or  ether 
is  passed  through  a  tube  heated  to  dull  redness. 

Beactions. — 1.  It  gradually  absorbs  oxygen  from  the  air, 
forming  acetic  acid,  into  which  it  is  also  readily  converted  by 
oxidizing  agents : — 

tcOH    +         -  \COHo* 

Acetic  Acetic 
aldehyde.  acid. 

2.  It  reduces  silver  salts,  depositing  lustrous  metallic  silver 
on  the  sides  of  the  vessel. 

3.  By  the  action  of  phosphoric  chloride  on  aldehyde,  ethyli- 
denic  dichloride  is  produced : — 

COk    +    PCI,    =  {gg3^,^    +  POCI3. 

Acetic  Phosphoric  Ethylidenic  Phosphoric 

aldehyde.  chloride.  dichloride.  oxytrichloride. 

4.  "When  submitted  to  the  action  of  potassium,  one  atom  of 
hydrogen  is  substituted  by  an  atom  of  the  metal,  the  compound 

ICOK 

being  formed. 

5.  Hydrocyanic  acid  transforms  aldehyde  into  alanin : — ■ 

Acetic  Hydrocyanic  Water.  Alanin. 

aldehyde.  acid. 

By  the  action  of  nitrous  anhydride,  alanin  or  lactamic  acid 
is  converted  into  lactic  acid : — 

CMeHHo  .QTr 
COHo      +  +"^^- 

Alanin.  Ifitrous  Lactic  Water, 

anhydride.  acid. 

There  are  three  isomeric  modiHcations  of  aldehyde : — 
Metaldehyde,  crystalline,  subliming  at  120°. 
Paraldehyde,  liquid,  boiling  at  125°. 
Maldeliyde,  crystalline,  fusing  at  2°,  boiling  at  94°. 
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By  the  action  of  clilorine  upon  alcohol,  triclilor-aldehyde  is 
formed  containing  3  atoms  of  chlorine  in  the  place  of  3  atoms 
of  methylic  hydrogen.    It  is  named  chloral, 

JCCI3 
1  COH- 

This  compound  immediately  unites  with  one  molecule  of 
water,  forming  cldoral  hydrate^  which  has  the  following  con- 
stitutional formula : — 

/CCI3 

ICHHo; 

In  the  same  operation  chloral  alcoholate  is  generally  produced. 
Its  constitution  is  expressed  by  the  following  formula : — 

JCCI3 

1  CHEtoHo* 


B.  ALDHHYDUS  DERIVED  FROM  THE  C,Ho,_iHo 
ALCOHOLS. 

ACROLEIN.    Acrylic  Aldehyde. 

r  CMe"H 
jCOH  • 

Molecular  tceight  =56.    Molecular  volume  |~p|.    1  litre  of 
acrolein  vapour  loeighs  28  criths.    Boils  at  52°'4. 

Preparation. — 1.  By  the  action  of  phosphoric  anhydride  or 
of  sulphuric  acid  on  glycerin  : — 

Glycerin.  Waber.  Acrolein. 

2.  By  the  oxidation  of  allylic  alcohol : — 

|gH,Ho     +    C>    -   jeOH  + 

Allylic  Acrolein.  Water, 

alcohol. 


BENZOIC  ALDEHYDE. 


Ill 


3  By  tlie  action  of  heat  on  the  product  of  the  union  of  ace- 
tone with  bromine  : — 

J  COMe     ,     -R^  J  CMeBr, . 

I CH3       +    Br,    -    I  ciH,Ho  • 

Acetone, 

CMeBr,    _   J  CMe"H     ,  „„e,^ 

Acrolein.  Hydrobromic 
acid. 

Reaction. — By  oxidation,  acrolein  yields  acrylic  acid : — 

JCMe"H  J  n  _  J  CMe"H 
\GOH       +    ^    -  jcOHo  • 

Acrolein,  Acrylic  acid. 


C.  ALJDUSYBJES  DUBIVIIJ)  FBOM  THE  CA,_7Ho 
ALCOHOLS. 

Boiling- 
point, 

Benzoic  aldehyde   j  cbH""''^^^°' 

Cuminic  aldehyde   |         . . .  229°-4. 


BENZOIC  ALDEHYDE,  Oil  of  Bitter  Almonds,  Hydride  of 
Benzoyl. 

\  GOH- 

Molecular  weight  =106.    Molecular  volume  fTI-    1  ^^ti'^  of 
benzoic  aldehyde  vapour  weighs  53  criths.    Sp.  gr.  1'043. 
Boils  at  180°. 

Prejparation. — 1.  By  the  oxidation  of  amygdalin  by  nitric 
acid,  and  by  the  action  of  a  mixture  of  manganic  oxide  and  sul- 
phuric acid  on-  albumen,  fibrin,  casein,  and  gelatin. 

2.  By  digesting  bitter  almonds  with  water  for  five  or  six 
hours  at  30°-10°.    The  synaptase  present  acts  as  a  ferment  on 
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the  amygdalin,  converting  it  into  glucose,  benzoic  aldehyde,  and 
hydrocyanic  acid : — 

C,A,NO„  +  20H,  =  {         +  NCH  +  2C,H,,0,. 

Amygdalin.  Water.  Benzoic      Hydrocyanic  Glucose. 

aldehyde.  acid. 

3.  By  digesting  together  plumbic  nitrate,  water,  and  benzylic 
chloride  (chlorotoluol),  benzoic  aldehyde  is  formed : — 

2  {  cfel+N.O,Pbo"=N,03+OH,+PbCl,+2  {  . 

Benzylic  Plumbic         Nitrous      Water.    Plumbic  Benzoic 

chloride.  nitrate.        anhydride.  chloride.  aldehyde. 

•  The  benzylic  chloride  is  prepared  by  passing  chlorine  into 
the  vapour  of  boiling  toluol. 

Reactions. — 1.  When  exposed  to  the  air,  benzoic  aldehyde 
absorbs  oxygen  and  is  converted  into  benzoic  acid : — 

COH    +    '-^    -  jcOHo- 

Benzoic  aldehyde.  Benzoic  acid. 

2.  Heated  with  solid  potassic  hydrate,  it  gives  hydrogen  and 
potassic  benzoate : — 

{gA    +    KHo    =  +  H, 

Benzoic  Potassic  Potassic 

aldehyde.  hydrate.  benzoate. 


CHAPTER  XVI. 

THE  ACIDS. 

The  acids  form  the  most  numerous  family  of  organic  com- 
pounds. 

Many  of  them  are  contained  in  plants  in  the  free  state,  or 
in  combination  as  metallic  or  ethereal  salts. 
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Others  are  produced  by  the  action  of  chemical  agents  on 
various  organic  substances. 

Some  are  formed  in  the  animal  organism,  as,  for  instance, 
formic,  paralactic,  oleic,  and  stearic  acids. 

The  organic  acids  are  divided  into  three  great  classes,  accord- 
ing to  their  basicity  : — 

1.  Monobasic  acids. 

2.  Dibasic  acids. 

3.  Tribasic  acids. 

The  basicity  of  organic  acids  is  determined  by  the  following 
simple  lavv": — an  organic  acid  containing  n  semimolecides  of 
oxatyl  is  n-hasic. 


MONOBASIC  ACIDS. 
The  monobasic  acids,  which  always  contain  a  single  semi- 
molecule  of  oxatyl  (COHo),  include  the  six  following  series  : — 

General  formulae. 

1.  Acetic  or  fatty  series    {cOH?'* 

2.  Acrylic  or  oleic  series   |  gg^H2j''(C„,H3„,+i)^ 

3.  Lactic  series   j  Cg^A.^^^ 

4.  Pyruvic  series  {  COHo""^'"^'^- 

5.  aiyoxylic  series  |  coh?'""^'^"^^'- 

6.  Benzoic  or  aromatic  series   j  QOHo'^* 

The  1st,  2nd,  3rd,  5th,  and  6th  of  these  series  may  be  regarded 
as  the  derivatives  from  corresponding  series  of  alcohols. 

1.  The  Acetic  series  from  the  Methyl  series  of  alcohols. 

2.  „   Acrylic  „     Vinyl       „  „ 

3.  ■„   Lactic      „  „     Glycol      „  „ 

5.  „   G-lyoxylic  „  „     Glycerin  „  „ 

6.  „   Benzoic    „  „     Phenyl  „ 

YOL.  II.  I 
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The  acids  of  the  first,  second,  fourth,  and  sixth  series  are 
termed  monoliydric  as  well  as  monobasic ;  whilst  the  acids  of 
the  third  series  are  termed  dihydric  and  monobasic,  indicating 
their  origin  from  the  dihydric  alcohols,  and  that  they  contain 
two  semimolecules  of  hydroxyl,  one  of  which  is  in  the  oxatyl 
or  negative  part,  and  the  other  in  the  positive  part  of  the  mole- 
cule. The  hydrogen  of  the  latter  hydroxyl  may  be  displaced 
by  highly  positive  metals,  in  the  same  manner  as  the  hydrogen  of 
the  hydroxyl  in  alcohols ;  but  it  cannot  be  displaced  by  double 
decomposition  with  bases,  in  the  same  manner  as  the  hydrogen 
in  the  oxatyl  may  be  substituted. 

The  acids  of  the  fifth  series  are  termed  trihydric  and  mono- 
basic, indicating  that  they  are  derived  from  the  trihydric  alco- 
hols, and  that  they  contain,  besides  the  hydroxyl  in  the  oxatyl, 
two  other  semimolecules  of  hydroxyl  in  .  the  positive  part  of 
the  molecule. 


These  acids  may  be  conveniently  arranged  under  three  divi- 
sions, viz. : — 

A.  Normal  acids. 


1.  ACUTIO  OB  FATTY  SEBIES  OF  ACIDS. 


Greneral  formula . . . 


Greneral  formula 


B.  Secondary  acids. 

Greneral  formula 


C.  Tertiary  acids. 


Greneral  formula 


1  COHo 
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A.  NOBMAL  ACIDS  OF  TEE  ACETIC  OB  FATTY 
SEBIES. 

General  formula. . .  |  coh?'"+'^^'. 

In  formic  acid,  which  is  generally  considered  to  be  the  first 
term  of  this  division,  the  radical  C(C„Il2„-(.i)H2  is  replaced  by 
H  ;  and  in  acetic  acid  the  value  of  n=0.  In  reference  to  the 
following  list  of  normal  fatty  acids,  it  must  be  borne  in  mind 
that  the  normal  character  has  not  been  established  in  the  case 
of  those  members  which  possess  a  higher  molecular  weight 
than  oenanthylic  acid : — 

Fusing  Boiling- 
,  point.  point. 

Formic  acid  {  COHo 

 {cSho  °^{cOHo +17^-  117° 

Propionicacid...{g^^H,^^|C((M,)H,        _  ,,,o. 

p  ,    .  fCEtH,      fC(aH,)K      below  ,„,o 

Butyric  acid  [qq^^  "''jcOHo        -  -20°.  ' 

 ^ioHo  -{g(3%W...    —  175°. 


Uo^ro,^.^c^^{%^^^^o.{%^X^)^^    —  175°. 

Daproic  acid  {  g^^g^  or  {  g(f  A)H.    .    +50.  igg". 

Enaathylicacid  {g^g^=or{g(CAJH,       _  212°. 

3aprylicacid    -.j  gg?^^^  or  {  ggj^^JH,      ^^^o.  236°. 

Margonic  acid   {  COH?"^"^'--'  +1*^°' 

i2 
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Fusing- 
point. 

Capric  acid    |      H^'"'^^'  27°-2(30°). 

Laurie  acid   |  o^q^^^''^"^' 

Myrisfcicacid   {  Coil^''^^^' 

Palmitic  acid  j  62°. 

Margaric  acid   |  qqII^''^^'  ^9°-9  ? 

Stearic  acid   |  q^^^^^'^"^^  69°'2. 

AracMdic  acid  . . ,  |  q^q^^^''^^' 

Behenic  acid  |  q^qj|^^"^^^-'  7G". 

Hyoenasic  acid   |  ^(^f^''-^'^'  77°. 

Cerotic  acid   |  78°. 

Melissic  acid  |  q§^''^^'  88° 


Occurrence. — The  greater  number  of  the  acids  of  this  series 
are  met  with  already  formed  in  nature,  some  in  the  free  state,  as 
formic  acid  in  ants  and  nettles,  valeric  acid  in  the  valerian 
root,  pelargonic  acid  in  the  essential  oil  of  the  Felargonium 
roseum,  and  cerotic  acid  in  bee's-wax. 

Others  are  met  with  as  the  ethereal  salts  of  monohydric 
alcohols.  Thus  spermaceti  is  cetylic  palmitate,  and  Chinese  wax 
cerylic  cerotate. 

A  large  number  exist  as  natural  fats  in  the  form  of  the 
ethereal  salts  of  glycerin :  this  is  the  case  with  butyric,  pal- 
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mitic,  and  stearic  acids,  which,  united  with  glycerin,  form 
respectively  butyrin,  palmitin,  and  stearin. 

Formation. — 1.  By  the  oxidation  of  the  normal  alcohols  of 
the  methyl  series,  as  in  the  conversion  of  alcohol  into  acetic 
acid  by  heating  it  with  a  solution  of  chromic  acid : — 


t  CH,Ho 

Alcohol. 


t  COHo  + 


Acetic 
acid. 


OH,. 

Water. 


2.  By  the  action  of  alkalies  or  acids  upon  the  nitriles  or 
abnormal  cyanides  of  the  0„H2„+i  series  of  radicals : — 


+   KHo   +   OH.  = 


f  C.H,.+i 
1  CN'" 

Nitrile.  Potassic  Water, 

hydrate. 


Potassic 


Ammonia. 


and 


0„H2„+i   ^   jjQi   ^  20H, 


ON" 

Nitrile 


Hydrochloric 
acid. 


Water. 


COHo"'  +  ^^Cl. 


Acid. 


Ammonic 
chloride. 


Instances  of  these  reactions  are  seen  in  the  treatment  of 
ethylic  nitrile  by  a  boiling  solution  of  potassic  hydrate,  when 
it  is  conyerted  into  potassic  propionate,  ammonia  being  evolved, 
thus — 


r  CMeH, 
1  CN'" 

Ethylic 
nitrile. 


+   KHo  4- 

Potassic 
hydrate. 


OH,  = 

Water. 


J  CMeH., 
tCOKo" 

Potassic 
propionate. 


+  NH3; 

Ammonia. 


and  in  the  conversion  of  ethylic  nitrile,  by  the  action  of  hydro- 
chloric  acid,  into  ammonic  chloride  and  propionic  acid — 


CMeH,  _^  jj^i  ^  20H,  =   {g^^-^^^-  +  NH.Cl. 


Ethylic 
nitrile. 


Hydrochloric 
acid. 


Water. 


Propionic 
acid. 


Ammonic 
chloride. 
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3.  By  the  action  of  tlie  potassium  or  sodium  compounds  of 
the  C„H2„+i  radicals  upon  carbonic  anhydride — 

CO,    +    C,.H,.,,Na    =  {gfe, 

Carbonic  Sodium  Sodie 

anhydride.  compound,  salt. 

as,  for  example,  in  the  formation  of  sodic  propionate  by  the 
absorption  of  carbonic  anhydride  by  sodic  ethide : — 

CO,    +    CMeH,Na   =    { g^. 

Carbonic  Sodic  ethide.  Sodic 

anhydride.  propionate. 

4,  By  the  oxidation  of  aldehydes — 

\  COH      +    ^    -    I  cOHo  ' 

Aldehyde.  Acid. 

as  in  the  conversion  of  acetic  aldehyde  into  acetic  acid  by 
the  absorption  of  atmospheric  oxygen  : — 

tCOH    +    ^    -    I  COHo* 

Acetic       •  Acetic 
aldehyde.  acid. 

Besides  these  reactions  of  general  application,  there  are 
numerous  special  methods  for  the  production  of  certain  mem^ 
bers  of  this  series.  In  most  of  these  methods,  however,  the 
reactions  cannot  be  clearly  traced. 

Thus,  by  the  oxidation  of  albumen,  fibrin,  casein,  and  other 
similar  substances,  there  are  produced  formic,  acetic,  propi- 
onic, butyric,  valeric,  and  caproic  acids. 

Propionic  and  butyric  acids  are  produced  in  some  kinds  of 
fermentation  ;  and  acetic  acid  is  obtained  by  the  destructive 
distillation  of  wood  and  other  similar  substances. 


RELATIONS  OF  THE  NORMAL  FATTY  ACIDS  TO  RADICALS.  1]9 


Relations  of  the  Normal  Fatty  Acids  to  the  0,^2n+\  Series  of 
Radicals. 

1.  When  these  acids  are  submitted  to  the  action  of  nascent 
oxygen  evolved  by  electrolysis,  the  negative  radical  oxatyl  is 
converted  into  carbonic  anhydride  and  water,  the  positive 
radical  being  set  at  liberty  : — 

2{§bHr    +    0    =    {c±:;    +  +  OH, 

Acid.  Positive  Carbonic  Water, 

radical.  anhydride. 

On  electrolyzing  a  solution  of  potassic  valerate,  hydric  po- 
tassic  carbonate  and  the  normal  radical  butyl  are  formed  : — 

2{c'(?Ko  +    OH,    +    0    =    {gg  +  2COHo£o. 

Potassic  Water.  •  Butyl.  Hydric  potassic 

valerate.  carbonate. 

2.  "When  the  ammonic  salts  of  these  acids  are  heated  with 
phosphoric  anhydride,  they  are  converted  into  the  nitriles  or 
abnormal  cyanides  of  the  radicals  of  the  C^jHs^+i  series — - 

{cfe.O)    +    2P,0,    =  +  4PO,Ho, 

Ammonic  salt.  Phosphoric  Nitrile.  Metaphosphoric 

anhydride.  acid. 

as  in  the  transformation  of  ammonic  acetate  into  methylic 
nitrile  by  distillation  with  phosphoric  anhydride  : — 

{c?(N-H,0)    +    2P,03    =    {gH,,    +  4po.^Ho. 

Ammonic  Phosphoric  Methylic  Metaphosphoric 

acetate.  anhydride.  nitrile.  acid. 

These  abnormal  cyanides  are  converted  into  monohydric 
alcohols  by  Mendius's  reaction  (see  p.  55). 

From  the  alcohols  so  obtained,  the  QJ^2n\\  radicals  are  iso- 
lated as  described  at  page  53. 
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Helations  oftlie  Normal  Fatty  Acids  to  tlie  C„Hn„+iHo  Bevies  of 
Alcohols. 

1.  By  oxidation  the  normal  alcohols  yield  these  acids,  as 
above  shown. 

2.  Conversely,  the  normal  fatty  acids  can  he  converted  into 
the  C,J-T2„+iHo  alcohols, — 

1st,  by  Mendius's  reaction  (see  p.  55); 

2nd,  by  Piria  and  "Wurtz's  reactions,  viz. : — 

Distillation  of  the  potassic  salt  of  the  fatty  acid  with  an 

equivalent  quantity  of  potassic  formate,  by  which  the  acid  is 

converted  into  the  aldehyde, 

jcOKo     +     jcOKo    =     jcOH^     +  ^0^^^' 

Potassio  Potassic  Aldcliyde.  Potassic 

salt.  formate.  '  carbonate. 

and  subsequent  treatment  of  the  aldehyde  by  nascent  hy- 
drogen, 

tcOH      +  -  ICH.Ho- 

Aldehyde.  Normal 

alcohol. 

3.  By  the  action  of  sodium  amalgam  upon  a  mixture  of  the 
acid  and  chloracid : — 

o  J  C„ITo„^i  J  G„H<.„+i     ,  _  of 

"jcOHo     +     tcOCl      +    "^^''^    -  ^ICONao 

Acid.  Chloracid.  Sodic  salt. 

Alcohol. 

The  anhydride  of  the  acid  is  also  formed  and  converted,  by 
the  nascent  hydrogen  evolved  by  the  action  of  the  sodium  upon 
the  acid,  into  alcohol. 
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delations  of  the  Normal  Fatty  Acids  to  each  other.    Ascent  of 
the  Series. 

If  the  hydrogen  constituting  the  positive  part  of  formic  acid 
were  substituted  successively  by  methyl,  ethyl,  Ac,  the  whole 
series  of  normal  fatty  acids  would  be  obtained  : — 

COHo  • 

acid  { 

Propionic  acid   ...  | 

Butyric  acid   ■  {  §=oio  " 

This  substitution  has  not  yet  been  accomplished ;  but  an 
analogous  series  of  reactions  has  been  effected  with  acetic  acid. 

By  the  action  of  sodium  on  acetic  ether,  one  of  the  hydrogen 
atoms  in  the  positive  part  of  the  compound  becomes  substituted 
by  sodium,  producing 

Monosodacetic  ether  j  COEto' 

By  acting  on  this  body  with  the  iodides  of  the  CnHsn^i  radi- 
cals, ethylic  salts  of  the  higher  acids  are  produced. 

On  submitting  monosodacetic  ether  to  the  action  of  ethylic 
iodide,  for  instance,  butyric  ether  is  produced — 


COEto    +    ^^^-^    -    1  COEto    /  + 

Monosodacetic  Ethylic  Butyric  Sodic 

ether.  iodide.  ether.  iodide. 


{ 


FORMIC  ACID. 

{goHo- CHOHo. 

Molecular  weight  =46.  Molecular  volume  fj~\.  1  litre  of 
formic  acid  valour  weighs  23  aiths.  Sj).gr.  of  liquid  1"2353 . 
Fuses  at  rC,    JBoils  at  100°  C. 
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Occurrence. — If  red  ants  be  made  to  pass  over  blue  litmus- 
paper  and  be  at  tbe  same  time  irritated,  they  leave  a  red  streak 
behind  them,  produced  by  the  formic  acid  which  they  eject. 
By  placing  the  hand  on  an  ant-hill,  a  tingling  sensation  is  felt 
from  the  same  cause,  and  the  hand  acquires  the  powerful  and 
pleasant  odour  of  formic  acid. 

Pormic  acid  also  occurs  in  the  hairs  of  certain  caterpillars 
and  in  the  sting  of  nettles. 

Formation. — 1.  Formic  acid  is  produced  in  a  very  large  num- 
ber of  chemical  reactions,  as  in  the  oxidation  of  many  organic 
bodies  (such  as  starch,  woody  fibre,  or  tartaric  acid)  by  a 
mixture  of  sulphuric  acid  and  manganic  oxide,  or  by  potassic 
hydrate  or  chromic  acid. 

2.  By  the  action  of  potassic  hydrate  on  chloroform,  potassic 
formate  is  generated : — 

CHCI3    +    4KHo   =  CHOKo    +    3KC1  + 

Chloroform.  Potassic  Potassic  Potassic  Water, 

hydrate.  formate.  chloride. 

3.  By  the  oxidation  of  methylic  alcohol 

{cH^Ho    +    ^2    =  {cOHo 

Methylic  Formic 
alcohol.  acid. 

4.  By  heating  equal  weights  of  dry  oxalic  acid  and  glycerin 
together  to  75°  C,  when  the  oxalic  acid  splits  into  formic  acid 
and  carbonic  anhydride : — 

rCOHo    _     JH  .CO 
tcOHo    -  jCOHo 

Oxalic  Formic  Carbonic 

acid.  acid.  anhydride. 

5.  By  digesting  together  at  100°,  for  forty-eight  hours, 
potassic  hydrate  and  carbonic  oxide  : — 

KHo    +    CO    =  {goKo- 

Potassic  Carbonic  Potassic 

hydrate.  oxide,  formate. 


+  OH,. 

Water. 
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6.  Eormic  acid  is  produced  in  small  quantities  by  digesting 
carbon  with,  permanganic  acid. 

Formic  acid  from  any  of  these  sources  is  obtained  in  the 
concentrated  state  by  decomposing  plumbic  formate  with  sul- 
phuretted hydrogen,  and  afterwards  rectifying  the  acid  over 
plumbic  formate  : — • 

gHgpbo"    +    SH,     =     2{|ojj^    +  PbS". 

Plumbic  Sulphuretted  Formic  Plumbic 

formate.  hydrogen.  acid.  sulphide. 

Character. — "When  heated  with  concentrated  sulphuric  acid, 
formic  acid  splits  into  water  and  carbonic  oxide : — 

{ioHo    =    CO    +  OH, 

Formic  Carbonic  Water, 

acid.  oxide. 

Chlorine  converts  formic  acid  into  hydrochloric  acid  and  car- 
bonic anhydride  : — 

{cOHo    +    CI,    =    2HC1    +  CO,. 

Formic  Hydrochloric  Carbonic 

acid.  acid.  anhydride. 

"When  heated  with  excess  of  mercuric  oxide,  it  is  converted 
into  carbonic  anhydride  and  water,  the  mercury  being  reduced 
to  the  metallic  state : — 

CO,    +    Hg    +  OH,. 

Carbonic  Water, 
anhydride. 


jioHo    +    HSO  = 

Formic  Mercuric 
acid.  oxide. 


ACETIC  ACID. 

fCH, 
1  COHo  • 

Molecular  weight  =60.  Molecular  volume  I  I  I.  1  litre  of 
acetic  acid  vapour  weighs  30  criths.  Sp.  gr.  of  liquid  I'OQ^, 
Mtses  at  4-17°.    Soils  at  117°. 
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Occurrence. — Found  in  email  quantities  in  the  juices  of 
plants  and  in  animal  fluids. 

Manufacture. — 1.  By  the  destructive  distillation  of  wood, 
a  liquid  is  obtained  whicK  contains  acetic  acid;  tlie  acid  is 
purified  by  being  converted  first  into  a  calcic,  and  then  into  a 
sodic  salt,  the  latter  being  afterwards  decomposed  by  sulphuric 
acid. 

2.  By  the  oxidation  of  ethylic  alcohol : — 

{iSno  +       =  {coiio  +  OH,. 

Ethylic  Acetic  Water, 

alcohol.  acid. 

Preparation. — Pure  acetic  acid  may  be  obtained  by  distilling 
potassic  diacetate : — 

CH,        rCH.       _     JCH,        ,  JCH, 
COKo'    [COHo    -     \GOKo  jCOiao- 

Potassic  diacetate.  Potassic  Acetic 

acetate.  acid. 

Character. — Chlorine  acts  on  acetic  acid  in  sunlight,  pro- 
ducing three  chlorinated  acids,  in  which  chlorine  is  substituted 
for  hydrogen : — 


JCH, 
t  COHo 

+ 

f  CH.Cl 
-    t  COHo 

4-  HCl. 

Ace  hi  G 
acid. 

Monochloracetic 
acid. 

Hydrochloric 
acid. 

/  CH.Cl 
jCOHo 

CI, 

J  CHCl. 
~    \ C0H6 

+  HCl. 

Monochloracctic 
acid. 

Dichloracetic 
acid. 

Hydrochloric 
acid. 

J  CHCl, 
t  COHo 

4- 

CI 

_  fcci, 

-    1 COHo 

4-  HCl. 

Dichloracetic 
acid. 

Trichloracetic 
acid. 

Hydrochloric 
acid. 

The  salts  of  acetic  acid  in  which  the  hydrogen  of  the  oxatyl 
is  replaced  by  monad  metals  have  the  general  formula 

fCH, 
1  COMq- 
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The  acetates  of  the  dyad  metals  have  the  constitution  repre- 
sented bj  the  following  general  formula  : — 


fCMeO 


By  the  action  of  phosphorous  chloride,  acetic  acid  yields 
acetylic  chloride : — 

3{c?ko    +  =3{gH,^i    +  POIIHo.. 

Acetic  Phosphorous  Acetylic  Phosphorous 

acid.  chloride.  chloride.  acid. 


PHOPIONIC  ACID,  MetTiacetic  Acid. 

J  GMeF, 
{COHo  • 

Molecular  iceiglit  =74<.    Molecular  volime  I  I  1.    1  litre  of  pro- 
pionic acid  vapour  loeighs  37  critJis.    Boils  at  141°. 

JPreparaiion. — 1.  By  the  oxidation  of  metacetone — a  liquid 
obtained  by  the  distillation  of  a  mixture  of  sugar  and  lime. 

2.  By  the  action  of  concentrated  solution  of  potassic  hydrate 
on  sugar. 

3.  By  the  fermentation  of  glycerin,  and  also  of  sugar,  by 
means  of  putrid  cheese  in  the  presence  of  calcic  carbonate. 

4.  By  the  action  of  potassic  hydrate  or  hydrochloric  acid  on 
abnormal  ethylic  cyanide  (see  p.  117). 

5.  By  the  action  of  carbonic  anhydride  on  sodic  ethide 
(seep.  118). 

6.  By  the  action  of  hydriodic  acid  on  lactic  acid  :— 

Lactic  Hydriodic  Propionic  Water, 

acid.  acid.  acid. 
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BUTYRIC  ACID,  Mlacetic  Acid. 

JCEtH,, 
[COHo- 

Molecular  iveiglit  =88.    Molecular  volume  I  I  I.    1  litre  of 
hutyric  acid  vapour  loeiglis  44  critJis.    Sjp.  gr.  of  liquid 
0-9886.    'Fases  helow  -20°.    Boils  at  161°  C. 
Occurrence. — In  butter,  juice  of  flesh,  perspiration,  and  many 
animal  secretions. 

Preparation. — 1.  By  the  fermentation  of  sugar  with  putrid 
cheese. 

2.  By  the  action  of  ethylic  iodide  on  sodacetic  ether  (for 
reaction,  see  page  121). 

VALERIC  ACID,  Valerianic  Acid. 

{  CPrH. 
\  COHo"' 

Molecular  weiglit  =102.     Molecular  volume  fTl-    1  litre  of 
valeric  acid  vapour  loeiglis  51  criths.    Sp.  gr.  of  liquid 
0-937.    Boils  at  175°. 
Occurrence. — In  many  plants,  as  in  the  roots  of  valerian  and 
angelica. 

Preparation. — By  the  oxidation  of  amylic  alcohol  with  a  mix- 
ture of  sulphuric  acid  and  dipotassic  dichromate : — 
fC(C,H,)H,     ,     o     -  |CfC,H,)H, 

Amylic  Valeric  Water, 

alcohol.  acid. 

Isomeric  forms. -^There  are  four  possible  isomers  of  valeric 
acid : — 

Normal  valeric  acid  or  f  QPrH,      |  CH,(CH,[CH,(CH3)]) 

propacetic  acid          [  COHo       [  OOHo 

H  H  H  H 
I 


H— C—C— C- 
I     I  _l 


— c— 


H  H  H      H  O 
I 

H 


-C-0 
I 
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Isopropacetic  acid    -..{coh?'    """^  {  COHa^^^"^''^'"'" 


H 


H-C— H 
I 

H— C  

I 

H— C— H 
I 

H 


H 

i 

-C- 


-0=0 

I 

o 

I 

H 


Methetli acetic  acid. 


JCEtMeH  _  rCH(CH3)[CH,(CH3)] 


COHo 


or 


1  COHo 


H  H    H— C— H 

I  I  I 

H— C— C  C  C=0 

II  I  I 
H  H         H  O 


Trimethacetic  acid 


H 

rCMe3  |C(CH3)3 
\COHo       \COHo  • 

H 
I 

H— C— H 


H 

I 

-C- 


H 


C- 


C=0 
I 

o 


H— C— H  H 


Of  these,  tKe  normal,  the  isopropacetic,  and  the  trimetha- 
cetic acid  are  known. 
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B.  SUCOJSrDABY  FATTY  ACIDS. 

General  formula...  |  CQH^'""^'^''^- 

JP'ormation. — 1.  By  the  action  of  the  iodides  of  the  C^Hg^+i 
radicals  on  disodacefcic  ether,  the  ethereal  salts  of  these  acids 
are  produced. 

2.  By  the  action  of  a  boiling  solution  of  caustic  potash  upon 
the  nitriles  or  abnormal  cyanides  of  the  secondary  radicals. 


DIMETHACETIC  ACID,  or  IsoluUjric  Acid, 

J  CMe,H 
1 COHo  • 

Molecular  loeiglit  =88.  Molecular  volume  I  I  |.  1  litre  of 
dimetJiacetic  acid  vapour  weighs  44  criths.  Boils  at  152°. 
Isomeric  loitJi  hutyric  or  ethacetic  acid. 

Preparation. — 1.  As  a  potassic  salt,  by  the  action  of  raethylic 
iodide  on  disodacetic  ether  and  the  subsequent  decomposition,  by 
alcoholic  solution  of  potash,  of  the  ethereal  salt  so  formed  :— 

fCNa,H  2MeI    ~  4. 

jcOEto    +    ^^^-^^-^    -.jc^OEto  + 

Disodacetic  Methylic  Dimethacetic  Sodic 

ether.  iodide.  ether.  iodide. 

fCMe.H     ,  /CMe,H     ,  -^.^^ 

Dimethacetic  Potassic  Potassic  Alcohol, 

ether.  hydrate.  dimethacetate. 

2.  By  boiling  isopropylic  nitrile  with  solution  of  caustic 
potash  : — 

JCMe.H     ,     -j.^^    ^    ^„  rCMe.H     ,  tvttt 

Isopropylic  nitrile.  Potassic  dimethacetate.  Ammonia- 
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Reaction. — By  a  hot  solution  of  chromic  acid  dimethacetic 
acid  is  decomposed  into  carbonic  anhydride  and  acetic  acid  : — 

{cOHo"    +  =  +    20H,  + 

Dimethacetic  acid.  Acetic  acid. 

Acetone  is  sometimes  formed  as  an  intermediate  product. 

iCEt  H 
COHo'  ^^^"^^^^^  ^^it\^  caproic  acid,  and 

diamylacetic  acid,  |  qq  jj^j  isomeric  with  lauric  acid,  have  been 

prepared  by  the  substitution  of  ethylic  and  amylic  iodides  in 
the  above  reaction. 


C.  TEBTIABY  FATTY  ACIDS. 
Greneral  formula...  |  Q()JJ^^"'^^'^^• 
i<br«2«^/^);^. — As  ethereal  salts,  by  the  action  of  the  iodides 
of  the  C„Ho,j+i  radicals  on  trisodacetic  ether. 


TRIMETHACETIC  ACID. 

rCMe3 
\  COHo* 

Molecular  weiglit  =102.  Molecular  volume  n~1-  1  ^^'^^^  9f 
trimethacetic  acid  vajpour  ioeig}isJ>l  critJis.  Isomeric  with 
valeric  acid. 

Por  the  graphic  formula  of  trimethacetic  acid  see  p.  127. 
Treparation. — As  an  ethereal  salt,  by  the  action  of  methylic 
iodide  on  trisodacetic  ether : — 

{So    +    ^^^^    =    {goEto    +  ^^^^I- 

Trisodacetic  Methylic  Trimethacetic  Sodic 

ether.  iodide.  ether.  iodide. 
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CHAPTER  XYII. 

THE  ACIDS. 

2.  ACHYLIC  OB  OLJEIC  SUBIUS  OF  ACIDS, 

G-eneral  formula  of  normal  and  J  C(C^H2H)"(CmH.2m+i) 
secondary  acids   1  COHo 

This  series  is  divided  into  normal,  secondary,  and  olefine 
acids.  In  the  normal  acids  m=0  ;  in  the  secondary  it  must  be 
a  positive  integer. 

Most  of  the  normal  acids  exist  as  ethereal  salts  of  glycerin  in 
natural  fats  and  oils. 

The  following  is  a  list  of  the  acrylic  series  of  acids  : — 

A.  NORMAL  ACIDS 


A     r      -A  rCMe"H  rC(CH,)"H 

^^^yl^^  ^^^^   1  COHo         1  COHo  • 

Crotonic  acid   [com         {  COHo  • 

-p     ,  fCBu"H  rC(0,H3)"H 

Pyroterebic  acid   j  COHo         j  COHo  ' 

Damaluric  acid    C^H^^O^. 

Damolic  acid    O^gH^^Og. 

Moringic  acid               \  C  H  O 

Cimicic  acid   J  lo   28  2 

Physetoleic  acid  ^ 

Hypogseic  acid               I    C^gHgoO^. 

Graidic  acid  J 

Oleic  acid    {c^&f'^^"^- 

Elaidic  acid   CigHgP^- 

Doeglic  acid    C^gHgeOg. 


Brassic  acid.  (Urucic 
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B.  SECONDARY  ACIDS. 


MetHacylicaeid  {  g^^^^  or  {  g  W(CH,) 

MetVWotonicaeid   {  g™«  or 

Ethylcrotomc  acid  |  cOHo  j  COHo  ' 


C.  OLBFINE  ACIDS. 

rCMe"H  fC(CHJ'H 
/3  Crotonic  acid   \  CH„  or    ^  CH„ 


[  COHo  I  COHo 

formation  of  Normal  Acids. — 1.  By  the  oxidation  of  the 
alcohols  of  the  vinyl  or  C„H2„_iHo  series  : — 

fC(C„H,„)"H     ,     o     -     JC(C„H...)"H  o„ 
jCH^Ho         +    ^2    -     I  COHo 

Alcohol.  Acid.  "Water. 

2.  By  the  oxidation  of  the  aldehydes  of  the  acrolein  or 
jcOH  series  :- 

\COH  +    u    -  Iqqjjq 

Aldehyde.  Acid. 

Formation  of  Secondary  Acids. — By  the  action  of  phosphorous 
chloride,  phosphoric  chloride,  phosphoric  oxytrichloride  or 
phosphoric  anhydride  upon  the  ethereal  salts  of  secondary 
acids  of  the  lactic  series,  the  elements  of  water  are  removed 
and  the  ethereal  salts  of  the  acrylic  secondary  division  of  acids 
produced:— 

q  f  CI(C„H2„-i.i)2Ho     ,  _    of  C(C„H2„)"(C,,H2„+i) 

'^jCOEto  +    *^^^3    -  ^{cOEto 

Ethereal  salt  of  Phosphoroug  Ethereal  salt  of 

the  lactic  series.  chloride.  the  acrylic  series. 


+    POHHo,    +  3HC1. 

L'ic 

k2 


Phosphorous  Hydrochloric 
acid.  acid. 


132 


THE  ACIDS. 


Formation  of  Olejlne  Acids. — By  tlie  action  of  potassic 
hydrate  upon  the  nitriles  or  abnormal  cyanides  of  the  C„H2„_i 
family  of  radicals  : — 

|GMe"H  fCMe"H 
\  CH,       +  KHo  +  OH,  =  ^  CH,       +  NH3. 
[ON'"  [COKo 

Allylic  nitrile.        Potassic  Water.  Potassic  Ammonia, 

hydrate.  /3  crotonate. 


'Relations  of  the  Acrylic  to  the  Acetic  Series  of  Acids. 
The  normal  and  secondary  acids  of  the  acrylic  series,  when 
treated  with  fused  potassic  hydrate,  yield  the  potassic  salts 
of  two  normal  acids  of  the  acetic  series : — 
fC(C..H.„)"(C.»H„„+,) 
jCOHo 

Acid  of  the  acrylic  series. 


9K"PTn      —       J  ^(^"»^2m+l)H2 


Potassic 
hydrate. 


Potassic  salt  of  acid 
of  the  acetic  series. 


fC(C„-A,..3)H,  jj 
+     ICOKo  + 

Potassic  salt  of  acid 
of  the  acetic  series. 

All  the  members  of  the  acrylic  series  found  in  nature  give 
acetic  acid  as  one  of  the  acids  produced  in  this  reaction. 
Prom  this  and  other  considerations,  it  is  believed  that  their 
positive  radicals  all  contain  one  atom  of  hydrogen  and  a  dyad 
radical.  They  are  normal  acids ;  and  by  the  action  of  fused 
potassic  hydrate  the  dyad  radical  becomes  substituted  by  two 
atoms  of  hydrogen.    Thus : — 


J  CMe"H 
jOOHo 

Acrylic  acid. 

r  CEt"H 
t  COHo 

Crotonic 
acid. 

CPr'H 
COHo 

Angelic 
acid. 


+  2iaio  = 

Potassic 
hydrate. 


f  CH, 
[  COKo 


+ { COKo 


Potassic 
formate. 


rcii 


f  CH, 


Potassic 
hydrate. 


+  2KHo 

Potassic 
hydrate. 


Potassic 
acetate. 


Potassic 
acetate. 


jCOKo 

Potassic 
acetate. 


^  r  CMeH, 
+  \  COKo 

Potassic 
projjionate. 


+  H.. 
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Some  of  the  secondary  acids  also  give  acetic  acid  when  treated 
with  fused  potassic  hydrate ;  but  this  can  only  happen  when 
the  dyad  radical  is  ethylene,  thus : — 


CMe"Me 
v/UJtlo 

+ 

2KHo  = 

r  CMeH, 
[  WUKo 

+  - 

[  CUKo 

+ 

H,. 

Methacrylio 
acid. 

Potassic 
hydrate. 

Potassic 
propionate. 

Potassic 
formate. 

CEf'Me 
COHo 

+ 

2KHo  = 

f  CMeH, 
[COKo 

+ 

\COKo 

+ 

H^. 

Methylcro- 
tonic  acid. 

Potassic 
hydrate. 

Potassic 
propionate. 

Potassic 
acetate. 

CEf'Et 
COHo 

+ 

2KHo  = 

r  CEtH, 
\  COKo 

fCH, 
[COKo 

+ 

H,. 

Ethylcro- 
tonic  acid. 

Potassic 
hydrate. 

Potassic 
butyrate. 

Potassic 
acetate. 

ACRYLIC  ACID. 

r  CMe"H 
I  COHo  • 

Molecular  weight  =72.    Boils  at  about  . 

Preparation. — By  the  oxidation  of  acrolein  with  argentic 
oxide : — 

jcOH       +    ^^S'^    =  jcOHo  + 

Acrolein.  Argentic  oxide.  Acrylic  acid. 

Reactions. — 1.  Acrylic  acid,  under  the  influence  of  nascent 
hydrogen,  produces  propionic  acid : — 

rCMe"H  ,  TT  -  JCMeH, 
[COHo      +    -tio    -  IcOHo"'- 

Achylic  acid.  Propionic 

acid, 

2.  Acrylic  acid  also  combines  directly  with  bromine,  pro- 
ducing dibromopropionic  acid. 
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OLEIC  ACID. 

rC(C,eH33)"H 
t  COHo. 


Preparation. — Obtained  in  the  purification  of  stearic  acid. 
Reaction. — Heated  with  potassic  hydrate,  it  gives  potassic 
acetate  and  palmitate  : — 

\  COHo         +^J^^o-  I  COK0+  t  COKo 

Oleic  acid.  Potassic  Potassic        Potassic  palmitate. 

hydrate.  acetate. 


CHAPTER  XVIII. 

THE  ACIDS. 

3.  LACTIC  SERIES  OF  ACIDS. 

General  formula  of  normal  and  secondary  acids  : — 

rC(C,.H,.+0(C.H,,,+OHo 
t  COHo 

In  the  normal  acids  m  in  this  formula  =0 ;  but  in  the  secon- 
dary acids  it  must  be  a  positive  integer. 

The  members  of  the  lactic  series  may  be  defined  as  acids 
containing  one  semimolecule  of  oxatyl,  the  fourth  bond  of  the 
carbon  of  which  is  united  with  the  carbon  of  a  positive  group 
containing  one  semimolecule  of  hydroxy  1,  or  of  the  peroxide 
of  a  monad  organic  radical  either  positive  or  negative.  The 
following  examples  will  serve  to  illustrate  this  definition : — 
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H 


H 
I 

H— C- 


■C— H 


C=0 


Lactic  acid. 


H 

H— C- 
I 

H 


H 

H— C— H 


O 

I 

C— H 


C=0 
I 

o 

I 

H 

Methyl-lactic 
acid. 


H 

I 

H— C- 

i 

H 


H 

I 

H— C— H 
I 

I 

o 

I 

■  I  

-C— H 
I  > 

""■| 

C=-0 

I 

o 

I 

H 

Aceto-lactic 
acid. 


The  acids  of  this  series  at  present  known,  or  which  could 
be  obtained  by  obvious  processes,  are  classified  into  the  fol- 
lowing eight  divisions  : — 

1.  Normal  Acids. 

2.  Etheric  Normal  Acids. 

3.  Secondary  Acids. 

4.  Etheric  Secondary  Acids. 

5.  Normal  Olefine  Acids. 

6.  Etheric  Normal  Olefine  Acids. 

7.  Secondary  Olefine  Acids. 

8.  Etheric  Secondary  Olefine  Acids. 

1st.  Normal  Acids. — A  normal  acid  of  the  lactic  series  may 
be  defined  as  one  in  which  an  atom  of  carbon  is  united  with 
oxatyl,  hydroxyl,  and  at  least  one  atom  of  hydrogen.  The 
general  formula  of  these  acids  is  therefore 


J  CEHHo 
\COHo  • 
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In  this  formula  B  may  be  either  hydrogen  or  any  monad 
positive  organic  radical.  The  number  of  acids  possessing 
the  same  atomic  weight,  and  belonging  to  this  division,  is 
determined  by  the  number  of  isomeric  modifications  of  which 
the  positive  organic  radical  is  susceptible.  Thus,  of  the  acids 
containing  two,  three,  or  four  atoms  of  carbon,  there  can  be 
only  one  of  each  belonging  to  this  division,  because  these  acids 
cannot  contain  a  positive  organic  radical  higher  in  the  series 
than  ethyl,  and  this  radical  is  not  susceptible  of  isomeric 
modification;  but  a  normal  acid  containing  propyl  can  have 
one  isomer  in  this  division,  the  two  acids  containing  respec- 
tively propyl  (CEtH^)  and  isopropyl  (CMe^H),  For  acids  of 
this  division  containing  normal  positive  organic  radicals  only, 
the  following  general  graphic  formula  may  be  given  : — 


H 
I 

H— 0— C— C 

II  I 
0  0 

I 

H 


fll 

I 

c 

I 

H 


H 


Ju 


In  the  case  of  glycollic  acid  n=0. 

The  following  are  the  acids  at  present  known  belonging  to 
this  division : — 

Glycollic  acid  {cOlfo" 

Lactic  acid   jg™. 

Oxybutyricacid  {  c™° 

Yalerolactic  acid   |  goifo'^" 

Leucic  add  {  gg^^HHo. 


2nd.  Mheric  JVbrmcd  Acids. — An  etheric  normal  acid  of  the 
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lactic  series  is  constituted  like  a  normal  acid,  but  contains  a 
monad  organic  radical,  positive  or  negative,  in  the  place  of  the 
hydrogen  of  the  non-oxatylic  hydroxyl.  The  following  is  there- 
fore the  general  formula  of  these  acids  :  in  the  graphic  formula 
as  before,  may  =0. 


H 

I 

H— 0— C— C 


I 

C 


0    0  [H 


^  COHo  • 


The  number  of  possible  isomers  belonging  to  this  division  is 
very  great ;  for,  in  addition  to  those  of  which  the  normal  acids 

containing  E  of  the  same  value  are  susceptible,  a  host  of  others 

+  ± 

must  result  from  the  complementary  variation  of  E  and  E. 
The  lowest  member  of  the  division,  methylglycollic  acid  (iso- 
meric with  lactic  acid),  is  the  only  one  incapable  of  isomeric 
modification. 

The  following  examples  will  serve  to  illustrate  the  constitu- 
tion of  the  acids  belonging  to  this  division  : — 

Methylglycollic  acid  |  cqH^^^. 


EthyUactic  acid   {  COH^ 


CMeHEto 
COHo  • 

f  CMeHAco* 


Aceto-lactic  acid   -j^  COHo 

3rd.  Secondary  Acids. — A  secondary  acid  of  the  lactic  series 
is  one  in  which  an  atom  of  carbon  is  united  with  oxatyl,  hy- 
droxyl, and  tivo  semimolecules  of  a  monad  positive  organic 
radical.    The  general  formula  of  these  acids  is  : — 


*  Aco= peroxide  of  acetyl,  C2H3O2. 
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I 

C 
I 


H 
I 

O 


I 

C 


J  CE^Ho 
I  COHo  • 


C u   Jti  or 

o 

I 

H 


In  the  graphic  expression,  the  values  of  n  and  m  may  differ ; 
but  both  are  positive  integers,  and  neither  may=0.    In  the 

symbolic  formula  E  must  be  a  monad  positive  organic  radical. 
The  following  examples  will  serve  to  illustrate  their  constitu- 
tion : — 


Diraethoxalic  acid 


Ethomethoxalic  acid 


Diethoxalic  acid 


r  CMe.Ho 
\  COHo  • 

r  CEtMeHo 
ICOHo  • 

J  CEt,Ho 
[COHo • 


The  number  of  acids  possessing  the  same  atomic  weight,  and 
belonging  to  this  division,  is  determined,  first,  by  the  comple- 
mentary variation  of  the  two  positive  radicals,  and,  secondly,  by 
the  number  of  possible  isomers  of  these  radicals.  The  lowest 
two  terms  of  the  series  are  alone  incapable  of  isomeric  modi- 
fication by  either  of  the  causes  mentioned. 

4th.  EtTieric  Secondary  Acids.— T\\e?>e  acids  stand  in  the 
same  relation  to  the  secondary  as  the  etheric  normal  to  the 
normal  acids;  they  consequently  contain  a  monad  organic 
radical  in  the  place  of  the  hydrogen  of  the  non-oxatylic  hy- 
droxyl.  The  following  is  therefore  the  general  formula  of 
these  acids : — 
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H 


li 


•H  or 


+  + 
CE.Eo 
COHo- 


O 
I 

•C  

I 

c=o 

I 

o 

I 

H 

5tli.  Normal  Olejine  Acids. — A  normal  olefine  acid  belonging 
to  tlie  lactic  series  is  one  in  which  the  atom  of  carbon  united 
with  oxatjl  is  not  combined  with  hydroxyl,  and  in  which  the 
atom  of  carbon  united  with  hydroxyl  is  combined  with  not  less 
than  one  atom  of  hydrogen.  The  following  are  the  general 
graphic  and  symbolic  formulae  of  the  acids  belonging  to  this 
division : — 

H  + 
I  r  CEHHo 

 C-0— H   or  \  (CHJ„  . 

I  [ COHo 

+ 
E 


H— 0— C 


O 


^H 

I 

0 

I 

H 


In  both  these  formulae  n  must  be  a  positive  integer  and 

cannot  =  0,  but  E  may  be  either  hydrogen  or  a  monad  positive 
organic  radical.  The  defines  of  these  acids  may  belong  either 
to  the  ethylene  or  ethylidene  series. 

The  following  are  the  only  acids  at  present  known  belonging 
to  this  division  :— 

r  CH^Ho 

Paralactic  acid   \  CH^ 

[  COHo 

r  CH^Ho 

Paraleucic  acid   \  (C^Hg)". 

{  COHo 

The  number  of  isomers  in  this  division  will  obviously  depend, 
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first,  upon  tlie  complementary  variations  of  E  and  (CH^),, ; 
secondly,  upon  the  isomeric  modifications  of  which  E  is  sus- 
ceptible ;  and  thirdly,  upon  the  isomeric  modifications  of 
(CHJ„. 

6th.  Etlieric  Normal  Olefine  Acids. — These  acids  only  difier 
from  the  normal  olefine  acids  in  having  the  hydrogen  of  the 
non-oxatylic  hydroxyl  replaced  by  an  organic  monad  radical, 
positive  or  negative  ;  their  general  formula  is  therefore, 


H-0— C 

!i 

O 


0 


H  +  ± 

I  +  r  CEHEo 

C— 0— E  or  \  (CH.)"n  . 
I  [ COHo 


As  in  the  fifth  division,  n  must  be  a  positive  integer  and  cannot 

=0,  whilst  E  may  be  either  hydrogen  or  a  monad  positive 

organic  radical ;  but  E  must  be  a  monad  organic  radical, 
either  positive  or  negative. 

7 th.  Secondary  Olefine  Acids. — A  secondary  olefine  acid  of 
this  series  is  one  in  which  the  atom  of  carbon  united  with 
oxatyl  is  not  combined  with  hydroxyl,  and  in  which  the  atom 
of  carbon  united  with  hydroxyl  is  also  combined  with  two 
monad  positive  organic  radicals,  as  shown  in  the  following 
formulae : — 


H— 0-C 

II 

O 


I 

C 


+ 

E 
I 

C- 


r  CE.Ho 


-0-H   or  j  (CH,)",,. 


COHo 


In  both  of  these  formulae  n  must  be  a  positive  integer  and 

cannot  =0,  and  E  must  be  a  monad  positive  radical. 

8th.  MJieric  Secondary  Olefine  Acids. — These  acids  are 
related  to  the  secondary  olefine  acids  in  the  same  way  as  the 
sixth  division  to  the  fifth.  No  member  of  the  seventh  or  eighth 
division  has  yet  been  formed. 
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Formation  of  the  Normal  Acids. — 1.  By  the  oxidation  of 
fhe  glycols,  or  dihydric  alcohols. 


CH,Ho    +    ^2    -    IcOHo  + 


Glycol.  GrlycoUic  Water. 

acid. 

2.  By  the  oxidation  of  the  C;jHo„+iHo  alcohols : — 

fCH3         .     o     -     JCH,Ho  , 
jcH^Ho    +    ^3    -     joOHo  + 

Ethylic  Glycollic  Water, 

alcohol.  acid. 

8.  From  the  fatty  acids,  by  converting  them  first  into  chloro- 
substitution  acids,  and  then  acting  upon  these  compounds  ^vith 
potassic  hydrate : — 

J  d(C„H2„+i)H  I  PI  _  J  ^(Cj,H2„+i)HCl  ,  -rrpi . 
\COHo  -\-  -    jcOHo  + 

Fatty  acid.  Chlorofatfcy  acid.  Hydrochloric 

acid. 

tCOHo  +  -^^^  -  jcOHo  + 

Chlorofatty  acid.  Potassic  IS'ormal  acid  of  the  Potassic 

hydrate.  lactic  series.  chloride. 

Formation  of  Secondary  Acids. — By  the  action  of  the  zinc 
compounds  of  the  monad  positive  organic  radicals  upon  ethylic 
oxalate,  and  the  subsequent  addition  of  water  : — 

\  COEto  +  ^^n(i-.-ti2»+i)2  -  I  cOEto 

Ethylic  Zinc  compound  of 

oxalate.  monad  radical. 

+    Zn(0,Ho«+i)Eto ; 
1  COEto  +  "^"-^2  -  \  COEto 


IH 


Water.  Secondary  acid, 

+1    +  ZnHo.. 


Hydride  of  Zincic 
radical.  hydrate. 


Formation  of  Olefine  Acids. — By  uniting  a  dyad  positive  or- 
ganic radical  with  carbonic  oxydichloride  {phosgene  gas)  under 
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the  influence  of  sunlight,  and  subsequently  acting  upon  the 
product  with  potassic  hydrate : — 

"{cH,    +    ^^^^^   =  {cHfcOCl)' 

Ethylene.        Carbonic  oxydi-  Chlorpropionylic 
chloride.  chloride. 
(Phosgene  gas.) 

CH,C1        _^  3]^g-^  _  I  o5^^n^^„^  +  2KC1  +  OH,. 


CH,(C0C1)  -  \  CH,(COKo) 

I  Chlorpropionylic       Potassic  Potassic  Potassic 

chloride.  hydrate.  paralactate.  chloride. 


delations  of  the  Lactic  to  the  Acetic  Series  of  Acids. 

1.  The  transformation  of  the  acetic  or  fatty  into  the  normal 
lactic  series  of  acids  has  been  mentioned  above  (p.  141). 

2.  The  converse  operation  is  effected  with  the  normal  and 
secondary  acids  of  the  lactic  series  by  means  of  hydriodic 
acid : — 

/  C(C„H2n+i)(C,„H2,„4.i)Ho  ,  ^-rTj_  J  C(C„H2„+i)(C,„H2„j+i)H 
tcOHo  +^-^^-tcOHo 

Acid  of  lactic  series.  Hydriodic  Acid  of  acetic  series, 

acid. 

+    OH,    +  I,. 

Water. 

If  m  does  not  =0,  the  fatty  acid  will  be  a  secondary  one, 
like  the  member  of  the  lactic  series  from  which  it  is  derived. 


delations  of  the  Lactic  to  the  Acrylic  Series  of  Acids. 

If  the  ethereal  salts  of  the  secondary  acids  of  the  lactic  series 
be  treated  with  phosphorous  chloride,  phosphoric  chloride, 
phosphoric  oxy chloride,  or  phosphoric  anhydride,  the  ethereal 
salts  of  the  secondary  acids  of  the  acrylic  series  are  produced : — 
o  f  C(aH2.+i)(C„,H2,.+i)Ho  ,        _o  f  C(aH2„+0(C.H2„0" 

Ethereal  salt  of  lactic  series.     Phosphorous       Ethereal  salt  of  acryhc  series, 
chloride. 

+    POHHo,    +  3HC1. 

Phosphorous  Hydrochloric 
acid.  acid. 

This  reaction  has  not  yet  been  accomplished  with  the  normal 
acids  of  the  lactic  series. 
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A  secondary  lactic  acid  minus  OIl2=  an  acrylic  acid.  The 
reverse  of  this  operation  has  not  been  performed. 


Sp.  gr.  of  liquid  1'215. 

Occurrence. — In  sour  milk,  Sauerhraut,  fluids  of  muscular 
tissue,  gastric  juice,  saliva  of  diabetic  patients.  In  the  acid 
liquor  of  starch-factories,  in  blood,  urine,  tears,  bile,  &c.  It  is 
also  a  general  product  of  putrefactive  fermentation.  The  acid 
contained  in  animal  fluids    paralactic  acid  (see  p.  145). 

Preparation. — By  fermenting  sugar  with  putrid  cheese. 

For  other  processes,  see  pages  147  and  148. 

Its  salts  have  the  following  general  formulse  : — 


The  synthetical  study  of  the  acids  of  this  series  affords  an 
insight  into  numerous  and  interesting  cases  of  isomerism. 
Commencing  with  the  lowest  member  of  the  series,  we  have 
for  glycoUic  acid  the  formula 


Salts  of  monad  metals. 


Isomerism  in  the  Lactic  Series. 


H 


O 


H-C— H 


c=o 


o 


H 
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An  inspection  of  this  formula  shows  that  glycollic  acid 
admits  of  no  isomeric  modification,  except  with  a  total  change 
of  type.  The  part  of  the  formula  below  the  dotted  line  repre- 
sents oxatyl,  which  cannot  be  altered  without  sacrificing  the 
acid  character  of  the  compound  ;  there  remains  therefore  only' 
the  part  of  the  formula  above  the  dotted  line,  which  admits  of 
the  following  modification  : — 

H 

I1--C— H 

I 

O 


The  acid  represented  by  the  formula  so  modified  no  longer 
comes  within  the  definition  of  the  lactic  series.  It  is  carbo- 
methylic  acid,  and  difi'ers  essentially  from  glycollic  acid  and 
the  lactic  series  in  general,  inasmuch  as  the  carbon  of  its 
negative  radical,  oxatyl,  is  linked  to  the  carbon  of  the  positive 
radical  by  oxygen  *. 

^  Bearing  this  constitution  of  carbomethylic  acid  in  mind,  we  have  only 
to  go  one  step  further  in  order  to  perceive  the  constitution  of  carbonic  acid 
itself,  and  the  explanation  of  the  anomalous  basicity  of  this  acid ;  for  if,  in 
the  above  graphic  formula  for  carbomethylic  acid,  yve  replace  the  methyl  by 
hydrogen,  we  have : — 

H 

I 

H— C-H  H 

I  I 

0  O 

1  I 

c=o  c=o 

I  I 

0  o 

1  I 

H  H 

Carbomethylic  acid.  Carbonic  acid. 

It  is  thus  evident  that  the  radical  oxatyl,  when  united  with  hydroxyl,  has 
sufficient  negative  power  to  produce  a  feebly  dibasic  acid ;  but  inasmuch  as 
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There  being  no  decisive  evidence  that  homolactic  acid  differs 
from  glycoUic  acid,  experiment  and  theory  both  agree  in 
asserting  that  the  formula  C^H^Oy  represents  only  one  acid  in 
the  lactic  series. 

Proceeding  now  one  step  higher  in  this  series,  we  have  in 
the  formula  of  lactic  acid  an  expression  capable  of  the  following 
three  variations  without  quitting  the  lactic  type : — 

No.  3. 
H 

H— C— H 
I 

O 

H— 0— H 

I 

Or,  expressed  symbolically  :— 

No.  1.  No.  2.  No.  3. 

JCMeHHo    JCH^Ho  J  SS'"^"^     f  CH.Meo 

jcOHo     •    tGH^(COHo)^'|gg^|j^  •    \OOKo  ' 

All  the  acids  represented  by  the  above  formulae  are  known. 
The  first  expresses  the  constitution  of.  lactic  acid,  which 

belongs  to  the  normal  division 

/  J  CRHHo  \  of  the  series, 
^  VjcOHo  / 

described  at  page  135  ;  the  second  shows  the  atomic  arrange- 
ment of  paralactic  acid ;  whilst  the  third  represents  methyl- 
glycollic  acid.  The  proof  that  the  first  two  of  these  acids  are 
so  constituted  is  afforded  by  the  synthetic  processes  sometimes 

carbonic  acid  is  not  included  in  the  category  of  organic  acids,  it  forms  no 
exception  to  the  law  that  an  organic  acid  containing  n  semimolecules  of 
oxatyl  is  ?i-basic. 

TOL.  II.  L 


No.  1. 
H 

No.  2. 
H 

H 

1  . 
0 

1 

0 

H— C- 

1 

-C— H 

1 

H— C— H 

1 

H 

1 

1 

H— C— H 

1 

0 

i 

1 

0 

1 

H 
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employed  to  produce  them ;  for  ethylidenic  cyanhydrate  is  con- 
verted by  ebullition  witb  potash  into  a  salt  of  lactic  acid, 
whilst  ethylenic  cyanhydrate  is  transformed  under  similar  cir- 
cumstances into  paralactic  acid.  It  has  also  been  mentioned 
above,  that  paralactic  acid  is  produced  by  the  action  of  phos- 
gene gas  upon  ethylene.  Now  the  formation  of  ethylidene,  or 
rather  of  its  compounds,  scarcely  leaves  a  doubt  that  this  body, 
if  isolated,  would  have  the  following  atomic  constitution : — 

H 

H-C-H   or  [9q^: 

it  would  consist  of  a  semimolecule  of  methyl  and  an  atom  of 
hydrogen,  both,  united  with  an  atom  of  carbon  two  of  the 
bonds  of  which  satisfy  each  other.  Thus  the  formation  of 
ethylidene  chloride  from  aldehyde  and  phosphoric  chloride 
takes  place  as  follows : — 

{CRO    +    PC^.    =     {§ici,  + 

Aldehyde.         Phosphoric  Ethylidenic  Phosphoric 

chloride.  chloride.  oxytrichloride. 

the  oxygen  in  the  aldehyde  being  simply  replaced  by  chlorine. 
There  now  only  remains  one  possible  formula  for  ethylene,  viz. 
H 
I 


I    I  or 
I 

H 


Such,  then,  being  the  constitution  of  ethylidene  and  ethylene, 
it  follows  that  the  former  ought  to  give  rise  to  an  acid  of  the 
constitution  shown  in  formula  No.  1,  whilst  ethylene  should 
produce  an  acid  agreeing  with  formula  No.  2.  The  acids 
actually  produced  from  these  sources  are  lactic  and  paralactic 
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acids ;  lience  No.  1  is  the  constitutional  formula  of  lactic  acid, 
and  No.  2  that  of  paralactic  acid — a  conclusion  which  harmo- 
nizes perfectly  with  all  the  reactions  in  which  the  production, 
of  these  acids  can  be  traced.  Thus  in  the  formation  of  lactic 
acid  by  the  oxidation  of  propylic  glycol,  we  have 

JCMeHHo     ,     ^  JCMeHHo  , 

Propylic  glycol.  Lactic  acid.  Water. 

Again,  in  the  production  of  this  acid  from  ethylidenic  cyan- 
hydrate, 

CHko(CN"')  +  {cHHo(COKo)  +  ^^3- 

Ethylidenic  Potassic    Water.  Potassic  lactate.  Ammonia, 

cyanhydrate.  hydrate. 

The  formula  given  for  potassic  lactate  in  this  equation  is  only 
apparently  different  in  type  from  that  previously  used  for  lactic 
acid,  since 

{ShHo(COKo)  =  CMeHHo(COKo)   =  {g™°. 

In  the  reaction  by  which  chloropropionic  acid  is  transformed 
into  lactic  acid  we  have  the  following  change : — 

Chloropropionic  Potassic  Potassic  lactate.        Potassic  Water, 

acid.  hydrate.  chloride. 

The  production  of  lactamic  acid  (alanin),  and  that  of  lactic 
acid  from  the  latter  by  the  action  of  nitrous  acid,  are  also 
clearly  confirmatory  of  the  above  view. 

Ammonic     Hydrocyanic  Water.   Hydro-              Lactamic  acid.  Ammonic 

aldehyde.           acid.                    chloric                   (alanin).  chloride, 
acid. 

r  CMeH(N"'H,^  +  NOHo  =  f  CMeHHo  ,   ow  a. 

jcOHo          '                     ICOHo      +  + 

Lactamic  acid  Nitrous  Lactic  acid.  Water, 

(alanin).  acid. 

L  2 
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Not  the  least  interesting  reaction  illustrative  of  the  consti- 
tution of  lactic  acid  is  the  formation  of  this  acid  by  the  action 
of  nascent  hydrogen  upon  pyruvic  acid : — 

jCOMe  j_  XT  _  rCMellHo 
tcOHo    +    -ti.    -   joOHo  • 

Pyruvic  acid.  Lactic  acid. 

In  a  similar  manner  it  can  be  demonstrated  that  the  above 
formula  I^o.  2  expresses  the  constitution  of  paralactic  acid, 
which  belongs  to  the  fifth  or  olefine  division  of  these  acids, 

{  ?c™(COHo)     I  • 

That  paralactic  acid  possesses  this  constitution  is  proved, 
first,  by  its  production  from  cyanhydric  glycol — 

{CH&"')  +  +  =  jcHf"^"    +  NH,; 

Cyanhydric  Potasgic         Water.  Potassic  Ammonia, 

j^lycol.  hydrate.  paralactate. 

secondly,  by  its  formation  from  phosgene  gas  and  ethylene 
(see  p.  142);  and  thirdly,  by  its  conversion  intomalonic  acid  by 
the  oxidizing  action  of  dipotassic  dichromate  : — 

rCH,Ho  rCOHo 
^  CH,        +    0,  =  J  OH.       +  OH,. 
[COHo  [COHo 

Paralactic  acid.  Malonic  acid. 

By  the  action  of  water  upon  the  chloride  of  (3  chlorpropionyl, 
a  body  of  the  composition  of  chloropropionic  acid  is  obtained  ; 
but  inasmuch  as  this  body  yields  paralactic  acid  by  ebullition 
with  potash,  whilst  chloropropionic  acid  gives  under  the  same 
circumstances  lactic  acid,  it  follows  that  the  former  chloro-acid 
must  be  isomeric,  and  not  identical,  with  the  latter.  'Now^ 
although  the  formula  of  propionic  acid  does  not  admit  of  any 
isomer,  yet  that  of  chloropropionic  acid  does,  as  is  seen  in  the 
ibllowing  graphic  formulae  : — 
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.    No.  1. 

H 
I 

H— C— H 
I 

CI— C— H 
I 

0=0 

I 

o 

I 

H 


No.  2. 

CI 

I 

H— 0-H 
H— (i— H 

Lo 


A 

I 

H 


A  comparison  of  these  formulse  witli  those  of  lactic  and  para- 
lactic  acids  (p.  145)  shows  at  a  glance  that  No.  1  is  the 
chloropropionic  acid  which  yields  lactic  acid,  whilst  InTo.  2  is 
iso-chloropropionic  acid,  which,  by  the  substitution  of  its 
chlorine  by  hydroxyl,  must  yield  paralactic  acid.  By  the  action 
of  nascent  hydrogen,  both  isomeric  chlorides  will  obviously 
produce  the  same  propionic  acid. 

The  cause  of  the  isomerism  of  methyl-gly collie  acid  (No.  3, 
p.  145)  is  so  obvious  as  to  require  no  further  explanation. 
Proceeding  to  the  next  higher  stage  in  the  series,  such  is  the 
rapid  increase  of  isomeric  forms,  that  we  now  encounter  no  less 
than  eight  possible  isomers,  all  within  the  lactic  family. 


Normal. 


No.  1. 

/  CEtHHo 
t  COHo  • 


Secondary. 
No.  2. 

GMe.Ho 
COHo  • 


Normal  olefine. 


Etherie  normal. 


No.  3. 

GH,Eto 
COHo  • 


No.  5. 

CH^Ho 

ch; 

CH,  • 
COHo 


No.  6. 

rCH^Ho 
4  CMeH . 
[COHo 


No.  7. 

f  GMeHHo 
i  CH, 
[COHo 


No.  4. 

J  CMeHMeo 
[  COHo 


Etherie  normal  olefine. 
No.  8. 

r  CH^Meo 

i  ch;  . 

[COHo 


Of  these  acids,  Nos.  1,  2,  and  3  are  known.  No.  1  is  oxy- 
butyric  acid ;  No.  2  is  dimethoxalic  acid,  which  is  identical 
with  acetonic  acid.    This  being  the  case,  the  formation  of  the 
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latter  by  the  action  of  hydrocyanic  and  hydrochloric  acids  upon 
acetone  is  easily  intelligible  : — 

{  coke  +         +  20H,  +  HCl  =  {  °  +  NH.Cl. 

Acetone.     Hydrocyanic     Water.       Hydro-  Acetonic  or 

acid.  chloric  acid,    dimethoxalic  acid. 

The  third  of  the  above  formulae  is  that  of  ethyl-glycoUic  acid. 

Of  the  possible  acids  containing  five  atoms  of  carbon,  only 
two,  viz.  ethomethoxalic  acid  and  valerolactic  acid,  are  knovm. 
The  cause  of  the  isomerism  of  these  two  acids  is  seen  at  once 
from  an  inspection  of  their  constitutional  formulae : — 

EthomethoxaHc  acid   j  S^*^^^^. 

[  COHo 


Yalerolactic  acid. 


J  CPrllHo 
[ COHo  • 


Of  acids  containing  six  atoms  of  carbon,  the  following  three 
are  known : — 


Leucic  acid 


CBuHHo 
COHo  • 


Diethoxalic  acid  |  SSv?^. 

[  COHo 

rCH^Ho 

Paraleucic  acid   <  (C^Hg)". 

[  COHo 

The  above  formula  for  leucic  acid  is  founded  upon  a  reaction 
for  the  synthetical  production  of  amidocaproic  acid  from  valeric 
aldehyde  and  hydrocyanic  acid.  Valeric  acid  contains  butyl ; 
consequently  valeric  aldehyde  has  the  constitution  expressed  by 

tbe  formula  |  qqjj  ;  and  the  reaction  in  question  is  therefore 

explained  by  the  following  equation: — 

{  CO(NvH.^  +NCH  +  OH.+HCl=  {  ^^"hT'"''^^ 

Amnionic  Hydro-     Water.    Hydro-  Amidocaproic  acid  Amnionic 

valeric  aldehyde.       cyanic  chloric  (leucin).  chloride, 

acid.  acid. 
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Such  being  the  rational  formula  of  amidocaproic  acid,  its  trans- 
formation into  leucic  acid  by  nitrous  acid  determines  the  con- 
stitution of  leucic  acid : — 

Amidocaproic  acid.  Nitrous  acid.  Leucic  acid.  Water. 


CHAPTER  XIX. 

THE  ACIDS. 

4.  FYEUVIC  SERIES. 

General  formula  |  cohJ"^'""^'^' 

In  this  formula  n  may  =0. 

The  following  list  contains  all  the  known  members  of  this 
series :  — 

Pyruvic  acid   |  qq^^.         Boils  at  165°. 

Convolvulinoleic  acid...  |  cOHo'"^''^'  '^^^^^ 

Jalapinoleic  acid  j  cohJ'"^''^'  " 

Eicinoleic  acid   I  SSi?^^-^^^^.         „  0°. 

Pyruvic  acid  only  is  well  known. 

The  first  member  of  this  series  would  have  the  formula 

r  con 

I  COHo'  "^^^^  ^^^^  believed  to  be  formed  by  the  dehydration 
of  glyoxylic  acid;  but  its  existence  has  not  yet  been  satisfactorily 
demonstrated : — 

fCHHo,         o       _  fCOH 
jCOHo     "~  -  I  COHo- 

Glyoxylic  acid.  G-lyoxalic  acid. 


no 
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The  aldehyde  of  this  acid,  however,  is  known.  It  is  called 
gljoxal,  and  its  formula  is : — 

r  GOH 
1  COH- 

Glyosal  is  produced  by  the  oxidation  of  ethylic  alcohol  by 
nitric  acid : — 

{§i:Ho  +  03  =  {ggi  +  20H,. 

Ethylic  Glyoxal.  Water, 

alcohol. 

These  acids  are  the  semi-ketones  of  oxalic  acid,  and  they  stand 
in  much  the  same  relation  to  this  acid  as  tl^at  which  acetone 
occupies  with  regard  to  acetic  acid : — ■ 

fCH,    .  J  CH. 

t  COHo  •  t  COMe- 

Acetic  acid.  Acetone. 

COHo  J  COMe 

COHo*  t^OHo- 

Oxalic  acid.  Pyruvic  acid. 

The  p3^ruvic  series  is  also  closely  related  to  the  lactic  series  ; 

pyruvic  acid  absorbs  hydrogen  and  is  converted  into  normal 

lactic  acid : — 

J  COMe  ,  TT  _  JCMeHHo 
jCOHo    +    -ti2    -     I  COHo  • 

Pyruvic  Lactic 
acid.  acid. 


5.  TRE  GLTOXYLIG  S^BIJSS  OF  ACIDS. 

General  formula...  j  SlS;-^-''+'^^^^^  or  jQlnt^iHo. 

In  the  second  formula  n  may  =0. 

The  two  following  acids  of  this  series  are  known : — 

Formula.  Physical  condition. 

Glyoxylic  acid   ...  |  qq^j^"-       Syi'i-^pyj  crystalline  hydrate. 

r  cHjio 

Glyceric  acid         \  CHHo.  Syrupy. 
I  COHo 
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These  acids  are  trihydric,  but  monobasic,  and  are  related  to 
the  glycerin  series  of  alcohols  in  the  same  way  that  the  mem- 
bers of  the  lactic  series  are  related  to  the  glycols  : — 

rCH.Ho  JCH.Ho 
I  CH^Ho-  \  COHo  • 

Glycol.  G-lycollic  acid. 

r  CH^Ho  r  GH.3H0 

\  CHHo  .  ]  CHHo. 

[  CI-I^Ho  [  COHo 

Glycerin.  Glyceric  acid. 

By  a  reaction  similar  to  that  which  is  believed  to  produce 
glyoxalic  acid  from  glyoxylic  acid,  glyceric  acid  yields  pyruvic 
acid : — 

r  CHjio  r  GH3 

]  CHHo  -  OH,  =  ^  CO  . 
[ COHo  "  [ COHo 

Glyceric  acid.  Pyruvic  acid. 


CHAPTER  XX. 

THE  ACIDS. 

6.  THU  BENZOIC  OB  ABOMATIG  SFBIUS  OF 
ACIDS. 

General  formula  . . .  |  QQjg;^^- 

Formation. — 1.  By  the  oxidation  of  the  aromatic  or 
C„H2„_7Ho  alcohols : — 

{§gko    +    0^    =    {cb'^Ho    +  OH,. 

Benzylic  alcohol-  Benzoic  acid. 

2.  By  the  oxidation  of  the  aromatic  aldehydes.  Thus  benzoic 
acid  is  formed  from  benzoic  aldehyde,  or  oil  of  bitter  almonds 
(see  p.  112). 
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3.  Bj  the  action  of  alkalies  on  the  nitriles  or  abnormal 
cyanides.  Thus  potassic  benzoate  is  formed  by  the  action  of 
potash  upon  Benzonitrile  : — 

+    KHo    +    OH,   =    {gA^    +  NH, 

Benzonitrile.  Potassic  benzoate.  Ammonia. 

4.  By  the  action  of  sodium  and  carbonic  anhydride  on  the 
bromides  of  the  C„H2,j_7  radicals  : — 

C„H,Br   +   Na,    +    CO,    =   { g«J|,<,   +  NaBr. 

Phenylic  bromide  or  Bodic  benzoate. 

monobrombenzol. 

5.  Some  members  of  the  series  are  produced  by  the  oxidation 
of  the  hydrides  of  the  C,,H2„_7  radicals : — 

C^Me^H,    +    03=    {gl^^f*    +  OH,. 

Dimethyl-benzol.  Toluylie  acid. 

6.  The  acids  of  the  aromatic  series  may  be  obtained  from  the 
monamines  of  the  series  containing  one  atom  less  of  carbon. 

Thus  Phenylamine,  when  distilled  with  oxalic  acid,  produces 
phenylformamide : — 

{  COHo  +  NHXC,H,)=  NH(C3H,)(CH0)  +  OH,  +  CO, 

Oxalic  acid.       Phenylamine.  Phenylformamide.  Water.  Carbonic 

anhydride. 

Phenylformamide,  by  the  action  of  beat,  gives  water  and 
benzonitrile : — 

NH(C,H,)(CHO)  =    OH,    +    { g'j^A. 

Phenylformamide.  Benzonitrile. 

Benzonitrile,  heated  with  potassic  bydrate,  gives  potassic 
benzoate  and  ammonia : — 

+    KHo  +    OH,    =    {g^H,^   +  NH, 

Benzonitrile.  Potassic  Potassic  Ammonia, 

hydrate.  benzoate. 

Toluylie  acid,  |  qqjj^^j  ^^^^  obtained  from  toluidine, 
NHiCeH.Me). 
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The  following  terms  of  this  series  are  known  :— 

Melting-  Boiling- 
point.  i)oint. 


Phenoic  acid   ]      c  n  tt  ]   

Collinicacid    I...  I    97° 


235^ 


Eenzenic  acid   J      ^  ^^^"^     J  above... 110°. 

Benzoic  acid   |  ^^^^^    121°-4.  239° 

Toluylicacid  {  COIlf '   

Alpha-toluylic  acid  |  qqjj^^   76°*5. 


265°-5. 


^^^^    COHo  ' 


103°'0.  273°. 
126°0.   


163°0. 

Alpha-xylic  acid  |  COH^^"^'^"^'-  • " 

Cuminic  acid   |  q'q^^    92°-0. 

Alpha-cymic  acid   |  crTR?^   ■  •  


ICOHo 

These  acids  have  the  same  constitution  as  those  of  the  acetic 
series,  but  contain  the  C^H2,j_^  radicals. 

They  have  been  much  less  studied  than  the  acetic  series  ;  and 
further  investigation  will  probably  bring  to  light  other  series 
holding  towards  them  the  same  relation  as  the  acrylic,  glycoUic, 
pyruvic,  and  glyoxylic  series  bear  to  the  acetic  series.  Already 
an  acryloid  acid  of  this  section  is  known  corresponding  to 
alpha-xylic  acid : — 

f,C(C,H,)H,  rC(C,H,)"H 
\COHo      ■  [COHo 

Alpha-xylic  acid.  Cinnamic  acid. 

Cinnamic  acid  is  decomposed,  like  the  acids  of  the  acrylic 
series,  when  heated  with  fused  potassic  hydrate  ;  it  gives,  under 
these  circumstances,  potassic  acetate  and  benzoate.  Por  the 
analogous  reaction  in  the  acrylic  series  see  p.  132. 
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Atropic  acid,  obtained  by  the  action  of  alkalies  on  atropine, 

has  the  formula  j  COHo'  isomeric  with  cinnamic  acid. 

Salicylic  acid  (with  which  oxybenzoic  acid  and  parabenzoic 
acid  are  isomeric)  is  the  lactic  acid  of  benzoic  acid : — 

\COHo  \COHo  ' 

Benzoic  acid.  Salicylic  acid. 

and  the  oil  of  meadow-sweet  {Spircea  ulmaria)  is  generally  re- 
garded as  the  aldehyde  of  salicylic  acid : — 

J  G^H.Ho 
ICOH  • 

Oxymethjl-plienylfo^'miG  acid  is  the  lactic  representative  of 
toluylic  acid,  from  which  last-named  acid  it  is  prepared.  Its 
constitution  will  be  understood  from  the  following  graphic 
formula : — 

H 


CH.Ho 
COHo 


H— C=C  C— 0— H 

I 

H 


H— C    C— H 


0 

11 

C— 0— H 


H— C— C- 

Oxymethyl-plienylformic  acid. 

The  followiDg  acids  also  probably  belong  to  the  phenyl-lactic 
series : — 


Cresotic  acid 


1  COHo 


Melting- 
point. 

153°. 


A  •  •      -1                    f  C,,H,Meo  THKo 

Anisic  acid  s  qqjjq    175  . 

Paraphloretic  acid  |  ^qjI"^^^^    

Thymotic  acid  |  ^'^^    120° 


BENZOIC  ACID. 
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jCOHo- 

Molecular  weight  =122.  Molecular  volume  I  I  I.  1  litre  of 
henzoic  acid  vajpour  weighs  61  criths.  Fuses  at  121°"4. 
Boils  at  239°. 

Occurrence. — In  many  balsams  and  gums.    In  putrid  urine. 
Preparation. — 1.  By  tlie  oxidation  of  oil  of  bitter  almonds 
(p.  112). 

2.  By  the  action  of  fused  potassic  hydrate  on  cinnamic 
acid  : — 

fC(C,HJ"H    ,    2KHo-  I^H'     4-  l^'^'     4-  H 
t  COHo         +  -  \  COKo  +  t  COKo 

Cinnamic  Potassic  Potassic  Potassic 

acid.  hydrate.  acetate.  benzoate. 

3.  By  boiling  bippuric  acid  with  hydrochloric  acid  : — 

n  TT  WO     4-    OTT     —     I  OIL,(l^lI  )         r  OJI, 
09±i,i\U3    +    Uil,    -    jeoHo  +tcOHo- 

Hippuric  Water.  Glycollamic  Benzoic 

acid.  acid.  acid, 

4.  By  the  action  of  oxidizing  agents  on  casein  or  gelatin. 

5.  From  gum  benzoin,  by  sublimation,  or  by  extraction  with 
potassic  hydrate  and  subsequent  precipitation  of  the  acid  by 
hydrochloric  acid. 

6.  Styrol  treated  with  a  solution  of  potassic  permanganate 
gives  benzoic  acid  and  carbonic  anhydride : — 

+    0,   =    {gA^    +    CO,    +  OH,. 

Styrol.  Benzoic  Carbonic  Water. 

acid.  anhydride. 

Gallic  acid  is  a  tetrahydric  monobasic  acid  of  the  formula 

ro,H,Ho3 

t  *^OHo  • 

It  may  therefore  be  regarded  as  benzoic  acid  in  which  three 
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atoms  of  hydrogen  have  been  replaced  by  three  semimolecules 
of  hydroxyl. 

Tannic  acid  is  obtained  by  the  abstraction  of  one  molecule 
of  water  from  two  molecules  of  gallic  acid.  Its  constitutional 
formula  is : — 

f  COHo 

I  ^eHoHOg 

<  o 

I  C,H,Ho, 
COHo 


CHAPTER  XXI. 

THE  ACIDS. 

DIBASIC  ACIDS. 
aeneral  formula...  A(COHo),  or  {  b(cOHo)' 

A  and  B  being  dyad  radicals  containing  0„H,„0;. 

These  acids  all  contain  two  semimolecules  of  oxatyl ;  and  if 
in  the  general  formula  m,  and  Z  =0,  oxalic  acid  will  be  the 
first  term  of  the  series. 

Formation. — Many  of  the  dibasic  acids  are  produced  by  the 
oxidation  of  substances,  the  molecules  of  which  are  richer  in 
carbon,  such  as  oils  and  fats.  Others  are  found  ready  formed 
in  nature. 

Beactions. — 1.  By  the  action  of  dehydrating  substances,  and 
even  sometimes  by  heat  alone,  these  acids  lose  water,  forming 
anhydrides : — 

rA(COHo)    _    OTT     -I-  /■'^(^Oo^ 
|b(COHo)    -  +  lB(CO°j- 

Acid.  Water.  Anhydride. 
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.  2.  If  the  anliydride  be  submitted  to  tlie  action  of  phosphoric 
chloride,  an  atom  of  oxygen  is  replaced  by  two  of  chlorine  : — 

fA(COoY  4-    PCI     -    JA(COCl)  pQ(.j 
tB(CO*^)   +  -    tB(COCl)  + 

Anhydride.  Phosphoric  Chloride.  Phosphoric 

chloride.  oxytrichloride. 

3.  Both  the  anhydrides  and  the  chlorides  are  reconverted 
into  the  acids  by  the  action  of  water : — 

A(COCl)     .  _    rA(COHo)  2TTn 

B(COCl)    +    "^^^^   "  tB(COHo) 

Chloride.  Water.  Acid.  Hydrochloric 

acid. 

The  dibasic  acids  may  be  divided  into  the  four  following 
series  : — 

1.  Succinic  or  acetoid  series  |  C  H   (COHo)  ' 

In  the  first  member  of  the  series  on  =0. 

2.  Fumaric  or  acryloid  series   "  j  q"jj^"~^^qOIIo)  ' 

3.  Malic  or  lactoid  series   |  c  Hr((X)^^^ 

4.  Tartaric  or  glyoxyloid  series    ...  {  g;^!}^^!^^^^^^ 

The  first  and  second  series  are  dibasic  and  dihydric ;  the  third, 
dibasic  and  trihydric ;  and  the  fourth,  dibasic  and  tetrahydric. 


1.  TKH  STTQCINIC  OB  ACETOID  SEBIES. 


Greneral  formula 


COHo 

^^^112^ 

COHo 


or 


rcoHo 

COHo 


In  addition  to  oxalic  acid  (oxatyl)  which  many  chemists 
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Succinic  acid 


regard  as  the  firs  I  member  of  this  series,  the  following  are 
known : — 

rCOHo 

Malonic  acid   -I  CH^    .  Fuses  at  140°. 

tCOHo 

rCOHo 
CH 

Qjj^    .  Fuses  at  180°.    Boils  at  235°. 

^COHo 

rcoHo 

Isosuccmic  acid   <  GMePI.  Fuses  at  130^. 

[  COHo 

r  GOHo 

Pjrotartaric  acid         C3H,  .  Fuses  at  112°    Boils  at  200^ 
[  COHo 

r  COHo 

Adipic  acid  <  CJI^  .  Fuses  at  140°. 

[COHo 

r  COHo 

Pimelic  acid   A  C,H,„ .  Fuses  at  134° 


<  CJL,, .  Fuses 
COHo 


fCOHo 

Suberic  acid   <  C.H,^ .  Fuses  at  125°. 

[COHo 

r  COHo 

Anchoic  acid   <  C,K, .  Fuses  at  116°. 


COHo 


["COHo 

Sebacic  acid  -  C,H^, .  Fuses  at  127°. 

[  COHo 

rCOHo 

Boccellic  acid  ^  C,.H3, .  Fuses  at  132°.    Boils  at  200° 

[COHo 

It  is  obvious  that  there  may  be  several  modifications  of  each 
of  these  acids.  Thus  there  are  two  succinic  acids,  one  con- 
taining ethylene,  and  the  other  ethylidene  (see  p.  168)  : — 

fCH,(COHo)       .  rCH3 
\CH,(COHo)  \CH(COHo); 


RELATIONS  or  THE  SUCCINIC  SERIES. 
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1.  Relations  of  the  Succinic  to  the  Lactic  Series  of  Acids  and  to 
tlie  Glycols. 

These  acids  are  related  to  the  lactic  series  and  to  the  glycols 
in  the  same  way  as  the  fatty  acids  are  related  to  the  monacid 
alcohols : — 

r  CH.Ho  f  CH^Ho  r  COHo 

t  CHJIo-  1  COHo  •  t  COHo* 

Glycol.  G-lycollie  acid.  Oxalic  acid. 

This  relation,  however,  does  not  strictly  extend  beyond  the 
first  member,  although  it  may  be  partially  traced  in  the  rela- 
tions of  malonic  and  adipic  acid  to  paralactic  and  paraleucic 
acid : — 

r  CHXCH.Ho)       J  CH,(CH,Ho)      J  CH.(COHo) 
1GH;Ho        •       [GOHo         •  \COHo 

Isopropylic  glycol.  Paralactic  acid.  Malonic  acid. 

(Unknown.) 

r  C.H^CCH.Ho)  J  C.H.CCH^Ho)  J  G.H^CCOHo) 

IGH.Ho   "      •  [GOHo  •  [GOHo 

Unknown  glycol,  Paraleucic  acid.  Adii^ic  acid. 


2.  Uelations  of  the  Succinic  Series  to  the  Dyad  Radicals. 
1.  The  acids  of  the  succinic  series  are  intimately  related  to 
the  dyad  radicals,  the  nitriles  or  abnormal  cyanides  of  which 
are  readily  converted  into  dibasic  acids  by  ebullition  with 
potassic  hydrate  or  hydrochloric  acid : — 


+2NH, 


I  GA„(CN"')  +  ^^-^''+"^^^^-"  t  GA,(COKo) 

Abnormal  cyanide  of     Potassic      Water.  Potassic  salt  of  the  Anunonia. 

the  dyad  radical.        hydrate.  dibasic  acid. 

2.  Some  of  these  acids,  when  heated  with  excess  of  caustic 
baryta,  give  up  two  atoms  of  carbonic  anhydride,  yielding  the 
hydrides  of  the  dyad  radicals : — 
fGOHo 

iSfe     =    ^^^^    +  (W'H, 
GOHo 


Suberic  acid.  Carbonic 
anhydride. 
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r  coHo 

jc,H,3     =    2C0,    +  (C3HJ"H, 
[COHo 

Sebacic  acid.  Carbonic 
anhydride. 

These  reactions  are  the  analogues,  in  the  dyad  series,  of 
the  process  by  which  marsh-gas  is  obtained  from  acetic  acid. 
The  hydrides  of  the  dyad  radicals  so  obtained  are  isomeric 
with  those  of  the  corres]3onding  monad  radicals. 

The  elimination  of  carbonic  anhydride  from  a  monobasic 
acid  can  only  take  place  once,  while  from  a  dibasic  acid  it  takes 
place  in  two  successive  stages  : — ■ 

In  the  case  of  a  monobasic  acid, 

COHo'    -CO,    =  C„H2,,+iH. 
In  the  case  of  a  dibasic  acid, 

-  iC„H,„(COHo)  -    jc'oHo  ■ 

f  C^Hg^+i  r  C  "FT 

2nd  stage...  ^  C A,  -    CO,    =  r^^"+'. 

[COHo  [^n^2n+l 


3.  delations  of  the  Succinic  to  the  Acetic  Series  of  Acids. 
1.  By  the  loss  of  the  elements  of  carbonic  anhydride,  the 
first  three  members  of  the  succinic  series  are  converted  into 
members  of  the  acetic  series,  containing  one  atom  of  carbon 
less : — 


J  COHo 
t  COHo 

Oxalic  acid. 

rcoHo 

\  CH, 
[COHo 

Malonic 
acid. 


=  CO, 

Carbonic 
anhydride. 


=  CO. 


Carbonic 
anhydride. 


1  = 

1  COHo- 

Formic  acid. 


t  COHo- 

Acetic  acid. 
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J  CI?''    -    CO     +  l^'M^H^ 
{cOHo    -    ""^^  ^ 

Succinic  Carbonic  Propionic 

acid.  anhydride.  acid. 

In  the  first  two  cases  the  action  of  heat  alone  is  sufficient 
to  effect  the  transformation ;  but  in  the  third  the  affinity  of 
lime  for  carbonic  anhydride  must  be  superadded. 

2.  Conversely,  the  members  of  the  acetic  series  may  be  con- 
verted into  those  of  the  succinic  containing  one  atom  of  carbon 
more,  by  replacing  one  atom  of  the  hydrogen  in  the  positive 
radical  of  the  acid  by  cyanogen,  and  then  boiling  with  potassic 
hydrate : — 

■rCH,(CN'")  j^jj     _  fCH,_(COKo) 

Cyanacetic  acid.  Potassic  Potassic  malonate.  Ammonia, 

hydrate. 

The  conversion  of  formic  acid  into  oxalic  acid,  by  heating 
with  potassic  hydrate,  also  belongs  to  this  class  of  reactions : — 

2  { COHo  +  2^=0  =  {c8io    +  +  H, 

Formic  acid.         Potassic  Potassic  Water, 

hydrate.  oxalate. 


SUCCINIC  ACID. 

rcoHo 

^COHo 

Fuses  at  180°.    Boils  at  235°.    Dissolves  in  20  parts  of  cold 
water. 

Occv/rrence. — In  amber ;  in  some  kinds  of  lignite ;  in  the 
resin  of  some  kinds  of  pine  ;  also  in  many  other  vegetable  and 
animal  substances. 

Formation. — 1.  By  the  action  of  potassic  hydrate  upon  ab- 
normal ethyleriic  cyanide  (p.  161)  :  this  reaction  proves  that 
succinic  acid  contains  ethylene,  and  that  its  constitutional  for- 
mula is  as  given  above. 

M  2 
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2.  By  the  oxidation  of  butyric  acid  by  nitric  acid 

COHo 


rCEtH, 
\  COHo  + 


0. 


COHo 


OH.. 


Butyric  acid. 

The  nature  of  this  reaction  is 
developed  formulae,  thus  : — 
^CH3 

CH,  +  ^3  - 
COHo 

Butyric  acid. 

3.  By  the  reduction  of  malic 
hydriodic  acid  :  — 

rcoHo 

CHHo 
CH, 
COHo 

Malic  acid. 


Succinic  acid.  Water. 

more  clearly  seen  with  fidly 


rcoHo 

CH, 
CH. 


+  OH, 


COHo 

Succinic  acid.  Water. 

acid  by  fermentation,  or  by 


rooHo 

COHo 

Succinic  acid.  Water. 


4.  By  the  reduction  of  tartaric  acid  by  hydriodic  acid : — 


COHo 
CHHo  , 
CHHo  + 
COHo 

Tartaric 
acid. 


4HI  = 


Hydriodic 
acid. 


fCOHo 
JCH, 

(.COHo 

Succinic 
acid. 


+    20H,    +  21, 


Water. 


It  is  evident  that  this  reaction  is  perfectly  analogous  to  that 
by  which  lactic  acid  is  transformed  into  propionic  acid  (p.  125). 

5.  The  two  isomeric  acids,  fiimaric  and  maleic  acids,  are 
converted  by  nascent  hydrogen  into  succinic  acid : — 

COHo 


/COHo 

;cH 
';CH 

{COHo 


COHo 
COHo 


+ 


CH. 


CH,  • 
^COHo 

Succinic  acid. 

"COHo 

CH, 

CH,  • 
^COHo 

Succinic  acid. 
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6.  By  boiling  ethylic  /3  cjanopropionate  with  solution  of 
caustic  potash : — 


CN'" 

CH, 
COEto 


+  20KH  + 


Oil,  = 


COKo 

onl 

COKo 

Succinie 
acid. 


+  HEto  +  NK 


Alcohol.  Ammonia. 


Ethylic  /3 
cyanopropionate. 

The  two  processes  by  which  succinie  acid  is  generally  pre- 
pared are,  the  distillation  of  amber  and  the  fermentation  of 
calcic  malate. 

Beactioois. — 1.  By  distillation,  succinic  acid  splits  almost 
entirely  into  succinic  anhydride  and  water : — 

rCOHo  fCO  , 

\  C,H,      =     \  C,H,  O    +  OH, 
[COHo  [00  ' 

Water. 


Succinic 
acid. 


Succinie 
anhydride. 


2.  Under  the  action  of  nascent  oxygen  produced  by  electro- 
lysis, succinic  acid  yields  ethylene,  carbonic  a^nhydride,  and 
water : — 


COHo 

OJI, 
COHo 

Succinic 
acid. 


+    0    =    C,H,    +   2C0,  +  OH, 

Ethylene.  Carbonic  Water, 

anhydride. 


3.  Succinic  acid  may  be  boiled  for  hours  with  concentrated 
nitric  acid  without  suffering  any  change  ;  neither  is  it  a,iTected 
by  a  mixture  of  potassic  chlorate  and  hydrochloric  acid ;  but  it 
produces  acetic  acid  when  distilled  with  sulphuric  acid  and 
manganic  oxide. 

4.  Succinic  acid  forms  three  kinds  of  salts,  viz. : — 


jSTormal. 

rcoMo 

[  COMo 

rco— ^" 

\  CJL,  Mo". 
CO  ' 


Acid, 

fCOHo 
iC,H, 
COMo 


Superacid. 

rcoHo  rcoHo 

[COMo  [COHo 
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ISOSUCCINIC  ACID. 

rcoHo 

]  CMeH . 
^  ICOHo 

Fuses  at  130°.    Dissolves  in  6'^  parts  of  cold  water. 
Formation. — By  boiling  ethylic  a  cyanopropionate  with  solu- 
tion of  caustic  potash : — 

rcN'"  rcoKo 

\  CMeH  +  20KH  +  OH,  =  \  CMeH  +  HEto  +  NH3. 
[  COEto  [  COKo 

Ethylic  Succinic         Alcohol.  Ammonia, 

a  cyanopropionate.  acid. 


CHAPTER  XXII. 

THE  ACIDS. 

2.  FUMABIC  on  ACBTLOID  SFBIFS. 

General  formula  ..."  |  c  HrZ^CCOHo)  """^  OA^_,{COIlo\. 

In  this  series  there  are  three  isomeric  acids  containing  four 
atoms  of  carbon,  viz. 

Formula. 

Eumaric  acid  ^ 

Maleic  acid     I  "C",H,(COHo), ; 

Isomaleic  acid  J 

and  three  other  isomeric  acids  containing  five  atoms  of  carbon, 
viz. 

Itaconic  acid  "j 

Citraconic  acid  I  ^•'(C3)^^H,(COHo)2. 

Mesaconic  acid  J 
Constitutional  notation  predicts  the  existence  of  a  fourth 
acid  belonging  to  the  four-carbon  group.    The  following  are 
the  four  possible  formulae  for  these  acids : — 
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No.  1. 

No.  2. 

Jtl 

XT 

JuL 

1 

u 

i 

1 

"FT 

XL- 

1 

1 

XL  i  L 

-El- 

— 

1 

P^ 

1 

=  C 

1 

0=0 

1 

0 

1 

0 

1 

H 

H~0- 


No.  3. 

TT 
±1 

No.  4. 

TT 

xL 

1 

U 

1 

1 

A 
U 

1 

TT 

XL 

1 

o=u 

1 

— U — JtL 

1 

1 

1 

0=0 

1 

H 

1 

0=0 

1 

6 

1 

0 

1 

H 

1 

H 

iCOHo 
}CH 
^CH 


COHo 
C 

COHo 


rcoHo 

i  C("OH)H. 
[COHo 


rCOHo 
<  CMe". 
[COHo 


{COHo 

Of  these  formulae,  'Nos.  1  and  2  represent  fumaric  and  maleic 
acids.  Data  are  still  wanting  to  enable  its  own  particular  for- 
mula to  be  assigned  to  each  of  these  acids ;  but  the  first  two 
formulae  must  belong  to  fumaric  and  maleic  acids,  because  both 
these  acids  yield  succinic  acid  under  the  influence  of  nascent 
hydrogen,  thus : — 


No.  1. 
fCOHo 
}CH 

{COHo 

No.  2. 
COHo 
CH, 
C 

COHo 


4-    H,  = 


COHo 
CH, 
CH, 
COHo 


rCOHo 
CH, 
CH.; 
COHo 


Succinic  acid. 


H 

i 

Lo 

H— 0— H 
H— C—H 

I 

o 

Succinic  acid. 
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"  I  CH^ )  ^^^^ 

ethylidene  ^  |  "q^^^j  is  proved  by  its  formation  from  abnormal 

etbylenic  cyanide  (p.  161)  ;  but  formulae  Nos.  3  and  4  give,  by 
the  addition  of  two  atoms  of  hydrogen,  the  formula  of  isosuc- 
cinic  acid  containing  ethylidene,  thus : — 


H 


No.  3. 

rcoHo 

]  C("CH)H    +  H. 
COHo 


No.  4. 

rcoHo 

]  CMe"  + 
[COHo 


rCOHo 
i  GMeH. 
[COHo 


rCOHo 
i  CMeH. 
[COHo 


O 

H  C=0 

H— C— C— H 
I  I 

H  C---0 
I 

O 


H 

Isosuccinic  acid.         Isosuccinic  acid. 

Fumaric  acid  combines  directly  Avith  bromine,  producing 
dibromosuccinic  acid.    Maleic  acid  also  combines  directly  with 
bromine,  producing  isodibromosuccinic  acid, 
formulae  show  the  nature  of  this  isomerism : — 
Corresponding  to  No.  1. 

O    H   H  O 


The  followiug 


rcoHo 

CHBr 
CHBr 
COHo 


0— C- 

O  Hr 
I 

H 

Corresponding  to  No.  2. 

O  H 


I  II 

-c— c 

I  I 

Hr  0 
I 

H 


Br 


rCOHo 
CH, 
CBr. 
COHo 


(J— C- 

I  I 
O  H 

I 

H 


I  I 


O 

II 

c— c 


Br  O 
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"When  acted  upon  by  nascent  hydrogen,  both  these  isomeric 
bromo-acids  produce,  as  might  be  expected,  the  same  succinic 
acid : — 


COHo 
COHo 


rCOHo 

ci:  +  2HBr: 
[COHo 

Succinic  Hydrobromie 
acid.  acid. 


COHo 
COHo 


rcoHo 

ci:  +  ™- 

[COHo 

Succinic  Hydrobromie 
acid.  acid. 


Inasmuch  as  formulae  Nos.  1  and  2  belong  to  fumaric  and 
maleic  acids,  it  follows  that  one  of  the  two  remaining  consti- 
tutional formul93  must  be  that  of  isomaleic  acid.  It  is  impos- 
sible at  present  to  determine  which  of  these  formulse  is  to  be 
assigned  to  this'  acid ;  but  in  any  case"  there  can  scarcely  be  a 
doubt  that  isomaleic  acid,  when  treated  with  nascent  hydrogen, 
will  yield  isosuccinic  acid,  as  shown  above. 

Of  a  similar  character  is  the  relation  subsisting  between  the 
isomeric  acids  of  this  series  containing  five  atoms  of  carbon, 
viz.  itaconic  acid,  citraconic  acid,  and  mesaconic  acid.  There 
are  no  less  than  eleven  possible  formulsa  for  this  five-carbon 
group  of  acids  ;  but  the  three  individual  formulae  belonging  to 
the  three  known  acids  cannot  at  present  be  determined.  The 
following  four  formulae  will  serve  as  specimens  of  the  whole, 
and  as  illustrations  of  the  cause  of  isomerism  in  these  acids : — 
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1>0.  1. 

"NTz-v  O 

JMO.  O. 

JNo.  4. 

H 

H 

H 

H 

1 

0 

1 

0 

1 

0 

1 

0 

1 

C=:0 

^0 

^^0 

I  I 

H— 

I 

H— C— H 
I 

0=0 


H 
rCOHo 

.CH  . 

''COHo 


OD 

I 

H—C— H 
I 

H— 0— H 
I 

0=0 

I 

o 

I  . 

H 

r  coHo 

CH, 
t_  COHo 


H— 0— H 
I 

03 

I 

H— 0— H 
I 

0=0 

ci 

I 

H 

r  COHo 
I  CH, 
^  "C 
I  CH, 
^  COHo 


H   H— 0— H 

I  I 

0=0 


0=0 

I 

o 

I 

H 


COHo 
CH, 
CMV  • 
COHo 


Itaconic,  citraconic,  and  mesaconic  acids  stand  in  the  same 
relation  to  pyrotartaric  acid  as  fumaric  and  maleic  acids  occupy 
with  regard  to  succinic  acid ;  for,  when  submitted  to  the  action 
of  nascent  hydrogen,  they  all  yield  the  same  pyrotartaric  acid ; 
and  it  is  therefore  highly  probable  that  the  first  three  of  the 
above  formulae  belong  to  these  acids.  The  formula  of  pyro- 
tartaric acid  is 
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H 
I 

O 


rcoHo 

<CH, 
l^COHo 


0=0 

I 

H— C— H 

I 

H— C— H 

H— 0— H 
I 

0=0 

I 

o 

i 


Treated  with  bromine,  the  three  acids  yield  three  isomeric 
brominated  acids,  which  are  transformed  by  nascent  hydrogen 
into  the  same  pyrotartaric  acid. 

By  the  action  of  hypochlorous  acid  on  itaconie  acid  and 
subsequent  replacement  of  the  chlorine  by  hydroxyl,  itatartaric 
acid  is  formed : — 


rCOHo 
jCH 

^COHo 

Itaconie  acid. 


rCOHo 
i  CHHo 

CHOI 

CH, 
I^COHo 


fCOHo 
I  CHHo 
^  CHHo 
I  CH. 
^COHo 

Itatartaric  acid. 


Itatartaric  acid,  by  distillation  at  125°,  gives  carbonic  an- 
hydride, water,  and  pyroitauvic  acid,  which  appears  to  belong 
both  to  the  lactic  and  the  acrylic  series  of  acids. 


fCOHo 
I  CHHo 
i CHHo  = 
|CH, 
LCOHo 

Itatartaric  acid. 


CO,  + 


,,rCHH0 

OH.    +   fgf  . 

'■COHo 

Pyroitauvic  acid. 
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CHAPTER  XXIII. 

THE  ACIDS. 

3.  MALIQ  OR  LAGTOID  SEBIES. 

aeneral  formula  |  S  w'V'miTn^        or  Io^JI^Iho. 

I  C„H2«(t UHo)  1^  GOHo 

Only  two  acids  belonging  to  this  series  are  known,  viz. 
tartronic  acid  and  malic  acid.  Like  lactic  acid,  they  both  con- 
tain a  semimolecule  of  non-oxatylic  hydroxyl : — 

H 

0    0  0 

rcoHo     II    I  II 

Tartronic  acid  \  CHHo.       C—  C  — C 

[COHo        I      I  I 
OHO 

H  H 

This  acid  may  be  regarded  as  the  product  of  the  oxidation  of 
glycerin,  although  it  has  not  yet  been  so  produced.  It  is  ob- 
tained by  the  gentle  oxidation  of  tartaric  acid  (p.  175). 

H 

0         0  0 

rcoHo     II       j  II 

Malic  acid   <  CMeHo.     0  0  C 

[COHo        I  I  I 

O    H— C— H  O 

k  i  i 

Malic  acid  may  be  viewed  as  the  product  of  the  oxidation 

f  CH,Ho 

of  the  hitherto  undiscovered  butyl  glycerin,  \  CMeHo. 

[  GH,Ho 

This  acid  is  contained  in  apples,  and  in  many  other  fruits. 
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Wlien  gently  heated  with  potassic  hydrate,  hydrogen  is 
evolved,  potassic  oxalate  and  acetate  being  produced : — 

I  So    +    KHo    =  +  {gH3^„  +  H,. 

Pofcassio  Pofcassio  Potassic  Potassic 

inalate.  hydrate.  oxalate.  acetate. 


4.  TAUTABIG  OB  GLYOXYLOID  SERIES. 

This  series  contains  at  present  only  two  members  ;  but  these 
have  numerous  isomers,  which  have  been  studied,  however, 
only  in  the  case  of  the  first.  Like  the  glyoxylic  series,  these 
acids  contain  two  semimolecules  of  non-oxatylic  hydroxyl. 


Tartaric  acid 


fCOHo 
CHHo 
CHHo- 
GOHo 

fCOHo 

Homotartaric  or  glyco-  J  ^jjHo 

^^li^^^i^    I  CHHo 

l^COHo 


There  are  four  possible  constitutional  formulae  for  tartaric 
acid,  viz.: — 


A. 

fCOHo 

rcOHo  r 

CHHo 

CH.  J 

'  CHHo- 

CHo.  •  1 

COHo 

COHo 

c. 

CH^Ho 

CHo(COHo). 

COHo 


[  CHHo, 
\  CH(COHo). 
COHo 


The  known  varieties  of  tartaric  acid  are  also  limited  to  four, 
viz. : — 

1.  Dextrotartaric  or  common  tartaric  acid,  so  called  from  its 
property  of  causing  the  plane  of  polarization  of  a  ray  of  light 
to  rotate  to  the  right. 
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2.  Lsevotartaric  acid,  which  turns  the  plane  of  polarization 
to  the  left. 

3.  Inactive  tartaric  acid,  which  does  not  affect  the  plane  of 
polarization. 

4.  Metatartaric  acid. 

It  has  been  already  shown  (p.  164)  that  dextrotartaric  acid 
yields  succinic  acid  under  the  influence  of  hydriodic  acid, 
whilst  it  has  also  been  ascertained  that  inactive  tartaric  acid 
likewise  produces  succinic  acid  under  the  same  circumstances. 
These  reactions  indicate  A.  and  B.  to  be  the  formulae  of  the 
dextro-  and  inactive  tartaric  acids.  The  formulse  C.  and  D. 
possibly  belong  to  lajvo-  and  metatartaric  acids,  in  which  case 
these  acids,  when  treated  with  hydriodic  acid,  ought  to  yield 
isosuccinic  acid.    Thus — 

r  CH,Ho 

\  CHo(COHo)    +    4HI    =    20H,    +  21, 
[  COHo 

rcH3  rcoHo 

+     \  CH(COHo)    or    ]  CMeH. 
[COHo  [COHo 

Isosuccinic  acid. 

Bacemic  acid  is  a  compound  of  dextro-  and  Isevotartaric 
acid.  It  may  be  produced  by  uniting  them,  and  may  again 
be  resolved  into  them. 

Inactive  tartaric  acid  cannot  be  resolved  into  dextro-  and 
Isevo-tartaric  acids. 

It  may  be  obtained  by  the  action  of  water  on  argentic  dibro- 
mosuccinate : — 


rCOAgo 
[  COAgo 


COHo 

CHHo     ,     o  A  "D 
CHHo    +  2AgBr. 

COHo 


Argentic  dibromo-  Water.  Inactive  tartaric  Argentic 

succinate.  acid,  bromide. 

The  converse  of  this  reaction  is  the  transformation  of  tar- 
taric acid  into  succinic  acid  by  means  of  hydriodic  acid  (see 
p.  164). 
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Metatartaric  acid  is  produced  by  fusing  dextrotartaric  acid. 

'Reactions. — 1.  Dextrotartaric  acid,  when  treated  with 
powerful  oxidizing  agents,  gives  formic  acid. 

2.  Under  the  influence  of  very  gentle  oxidizing  agents,  tar- 
tronic  acid  is  formed : — 


COHo 
CHHo 
CHHo 
COHo 

Tartaric 
acid. 


COHo 

CHHo  +  CO.,  +  OH, 
COHo 


Tartronic 
acid. 


Carbonic 
au  hydride. 


Water. 


3.  Heated  with  fused  potassic  hydrate,  tartaric  acid  gives 
potassic  oxalate  and  acetate,  but  without  evolution  of  hy- 
drogen :— 


COHo 
CHHo 
CHHo 
COHo 

Tartaric 
acid. 


_  rcoKo  ,  rcH, 

-  t  COKo  +   1  COKo  + 


Potassic 
hydrate. 


Potassic 
oxalate. 


Potassic 
acetate. 


Water. 


OTJEI^E  SUHIJES  OF  DIJBASIO  ACIDS, 

There  is  evidence  of  the  existence  of  other  series  of  dibasic 
acids,  which  may  be  regarded  as  derivatives  of  benzole  or  as  the 
hexacarbon  representatives  of  the  succinic,  fumaric,  and  tar- 
taric series.    The  following  are  examples : — 

OH  HO 

II     I  i  II 

H— 0— C— C  c— C— 0— H 

C,H,,(COHo),.  H— C— H  H— C~H 

I  I 
H— C  C~H 

I  I 
H  H 

Hexahydrophthalic  acid  (Hexacarbon-suecinic  series). 
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H  H 

0  0  do 

H-O-C-C  o_C-0-H 

CJI,Ho,(COHo),.  I  I 

H— 0— H  H— C— H 

H— C  C— H 

I  I 
H  H 

Tart I'ophfch alio  acid  (Hexaearboa-tarfcaric  series). 

0  o 

H-O— C— 0=^  C— C-0— H 

C,H,(COHo),.  H-C-H  H-C-H 

H— C  i— H 

I  I 

H  H 

Tetrahydi'ophthalic  acid  (Hexacarbon-fumario  series). 

Tlie  existence  of  auofher  series  of  dibasic  acids  derived  from 
hydrocarbons  of  a  C^Ho^^^g  series  is  indicated  by  the  formation 
of  antliraqidnonic  acid,  which  is  identical  with  alizarin,  the  chief 
colouring-matter  of  the  madder  root.  By  oxidation,  anthracene 
(Cj^H^J  yields  antliraquinone  (Cj^HgOJ,  which,  when  heated 
strongly  with  sulphuric  acid,  is  converted  into  disulpJiantlira- 
quinonic  acid,  which  has  probably  the  following  constitution  : — 

CO(SivO.Ho) 

CO(SivO,Ho) 

When  disulphanthraquinonic  acid  is  heated  with  potassic 
hydrate  to  a  temperature  of  about  180°  C,  it  becomes  intensely 
coloured,  and  is  found  to  be  converted  into  potassic  alizarate 
(potassic  anthraquinonate) :— 
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CO(SJ^O,Ho) 

(C,,H,)"  +  60KH 

CO(S^^O,Ho) 

Disulphanthraquinonic  Potassic 
acid.  hydrate. 


COKo 

(C^^He)"  +  2S0K0, 
COKo 


Potassic  Potassic 
alizarate.  sulphite. 


+  40H,. 

Water. 

On  tlie  addition  of  an  acid  to  an  aqueous  solution  of  potassic 
alizarate,  alizaric  acid  (C^2^6(^OHo)2),  identical  in  properties 
with  the  natural  alizarin  of  madder  root,  is  precipitated. 

AntJiraflavio  acid  {O^J1q{CO^o)^,  isomeric  with  alizaric 
acid,  but  possessing  no  tinctorial  properties,  is  usually  simul- 
taneously formed  in  the  above  reactions. 
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TEIBASIC  ACIDS. 

The  tribasic  acids  all  contain  three  semimolecules  of  oxatyl. 
They  may  be  divided  into  the  following  three  series,  each  series 
being,  however,  at  present  only  represented  by  one  acid. 

1.  Tricarballylic  or  acetoid  series  : — 

rCH,(COHo) 
Tricarballylic  acid  ..A  CH(COHo)  . 

iCH^CCOHo) 

2.  Aconitic  or  acryloid  series : — 

,JCH(COHo) 
Aconitic  acid  iC(COHo)  . 

tCH,(COHo) 

YOL.  II.  K 


178  THE  ACIDS. 

3.  Citric  or  lactoid  series : — 

rCHHo(COHo) 

Citric  acid   \  CH(COHo)  . 

[  CH,(COHo) 

Tricarballylic  acid  is  trihydric.  It  is  obtained  from  glycerin 
by  replacing  tbe  bydroxyl  in  the  latter  by  cyanogen,  and  then 
acting  upon  the  tricyanhydrin,so  formed,  bypotassic  hydrate : — 

r  CH,(CN"')  r  CH,(COKo) 

\  CH(CN"')  +  3KHo  +  30H,  =^  CH(COKo)  +3NH„. 

lCH,(C]N-"')  "  iCH,(COKo) 

Tricyan-  Potassic  Water.  Potassic  tricarb-  Ammonia, 

hydxin.  hydrate.  allylate. 

Aconitic  acid  (equisetic  acid,  citridic  acid)  is  also  trihydric. 
It  is  found  in  the  roots  and  leaves  of  monkshood,  and  may  also 
be  obtained  by  heating  citric  acid.  Aconitic  acid  is  also  pro- 
duced by  the  action  of  hydrobromic  acid  upon  citric  acid,  the 
reaction  taking  place  in  the  two  following  stages  : — 

f  CHHo(COHo)  r  CHBr(COHo) 

\  CH(COHo)       +  HBr  =  \  CH(COHo)      +  OH, ; 
[  CH,(COHo)  i  CH,(COHo) 

Citric  acid.  Bromotricarballylic  acid.  Water. 

r  CHBr(COHo)        ,  JCH(COHo) 
\  CH(COHo)       =    }C(COHo)       +  HBr. 
[  CH,(COHo)  |CH,(COHo) 

Bromotriearballylic  acid.  Aconitic  acid. 

Heated  to  160°,  aconitic  acid  is  converted  into  itaconic  acid : — 

iCOHo 
,JCH(COHo  ]CH 
]C(COHo)       =    "jCH       +  CO^. 
|CH,(COHo)  JCH, 
\  COHo 

Aconitic  acid.  Itaconic  Carbonic 

acid.  anhydride. 

Citric  acid  is  tetrahydric,  and  contains,  therefore,  like  lactic 
acid,  one  semimolecule  of  non-oxatylic  hydroxy].  It  is  found 
in  the  free  state  in  oranges,  lemons,  citrons,  and  many  other 
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fruits,  also  in  tlie  potato  and  the  onion.  By  the  graduated 
application  of  heat,  citric  acid  yields  aconitic,  itaconic,  and 
citraconic  acids.  At  the  earlier  stage  of  the  decomposition  it 
also  yields  acetone.  Heated  with  fused  potassic  hydrate  it 
gives  potassic  oxalate  and  acetate  : — 

r  CHHO(COHO)  r  ^^-^  r  f^jr 

I  cSi3     """^'^  {  ^0^'  ^  '  {  Coio  +  ^OH,. 

Citric  acid.  Potassic         Potassic  Potassic  Water, 

hydrate.  oxalate.  acetate. 

By  being  heated  with  hydriodic  acid,  citric  acid  is  trans- 
formed into  tricarballylic  acid : — 


rCHHo(COHo) 
]  CH(COHo)      +  2HI  = 
[CH,(COHo) 

Citric  acid. 


CH,(COHo) 

CH(COHo)  +  OH.  +  I,. 
CH,(COHo) 

Tricarballylic  acid.  Water. 


Desoxalic  acid  is  closely  connected  with  citric  acid ;  it  is  hexa- 
hydric,  and  may  be  regarded  as  citric  acid  in  which  two  atoms 
of  non-oxatylic  hydrogen  have  been  replaced  by  hydroxyl.  Its 
constitutional  formula  is  probably 

CHHo(COHo) 
CHo(COHo)  . 
CHHo(COHo) 

It  is  obtained  from  the  product  of  the  action  of  sodium  upon 
oxalic  ether. 


TETEABASIO  AND  SIJXABASIO  ACIJDS. 

I^yromellitic  acid  (CgH2(COHo)4)  and  mellitic  acid 
(Cg(COHo)g)  are  instances  of  acids  of  these  degrees  of  basicity ; 
and  it  can  scarcely  be  doubted  that  an  intermediate  pentabasic 
acid  will  be  found  to  exist.  The  following  graphic  formula  of 
mellitic  acid  shows  the  relation  of  this  acid  to  benzol,  and  indi- 

n2 
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cates  the  constitutional  formulae  of  the  other  acids  built  upon 
the  same  type  and  mentioned  below  : — 

Mellitic  acid. 

O  0 

II  II 

H— 0~C— C=C— C— 0— H 


O 


O 


H— O— C— C    C— C— 0— H 

I!  II 

H— 0— C— C— C— C— 0— H 

Ml  II 
o  o 

Five  out  of  the  six  possible  acids  thus  related  to  benzole  are 
now  known.  Their  names  and  formulae  are  given  in  the  fol- 
lowing Table : — 

Benzoic  acid   C6H5(COHo). 

Phthalic  acid  -x 

Isophthalic  acid            I   C,H,(COHo),. 

Terephthalic  acid  J 

Trimellitic  acid  ^ 

Trimesic  acid    I   CeH3(COHo)3. 

Hemimellitic  acid   ...  J 

Pyromellitic  acid  "j 

Prehnitic  acid    t   C,H,(COHo),. 

Mellophanic  acid  J 

Unknown  acid   CgHCCOHoX. 

Mellitic  acid   C,(COHo),. 
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CHAPTER  XXV. 

THE  ANHYDKIDES. 

The  anhydrides  are  compounds  obtained  from  the  acids  by 
the  abstraction  of  the  hydrogen  of  their  hydroxyl,  together  with 
sufficient  oxygen  to  form  water. 

For  every  two  atoms  of  hydrogen  and  one  of  oxygen  thus 
abstracted  from  hydroxyl,  there  will  obviously  remain  one  atom 
of  oxygen,  which,  as  a  dyad  element,  exactly  satisfies  the  two 
bonds  vacated  by  the  hydroxyl : — 

2Ho    =    OH,    +  O". 

Hydroxyl.  Water. 

On  this  account,  two  molecules  of  a  monohydric  acid  are  re- 
quired to  form  one  molecule  of  anhydride,  thus  : — 

rCMeO 

2CMeOHo    =   ^  O  +  OH.. 

CMeO 

Acetic  acid.  Acetic  ,  Water. 

anhydride. 

The  anhydrides  of  those  monobasic  and  dibasic  acids  which 
contain  one  and  two  semimolecules  of  hydroxyl  have  alone 
been  investigated. 

They  may  be  divided  into  the  following  classes  : — 


I  CO 


j^C,jH2„^i 

1.  Anhydrides  of  the  CO 

monohydric  mono-<J  O  and  O 

basic  acids    \  I  CO 

(^C„H2n+l  LCwH2,i_7 

2.  Anhydrides  of  the  f  CiCJL^n+i), 
dihydric  monobasic  )  _ 

acid.    i^'O 

8.  Anhydrides  of  the  f  CO  , 

dihydric     dibasic  i  ^n^2n  0- 
acids    I  CO-" 
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1.  aniitdeid:es  of  thje  monorybbig 
monobasic  acids. 

These  are  known  only  in  the  acetic  and  benzoic  series. 

They  bear  the  same  relation  to  the  acids  from  which  they 
are  derived  as  that  borne  by  the  ethers  to  the  alcohols. 

The  residues  of  different  acids  unite  to  form  mixed  anhy- 
drides anologous  to  the  mixed  ethers.  Aceto-benzoic  anhy- 
dride is  a  body  of  this  class. 

Formation. — By  the  action  of  the  chloracids,  or  so-called 
chlorides  of  the  monad  negative  radicals,  on  the  potassic  salts 
of  the  acids  : — 

Potassic  salt.  Cliloracid.  Anhydride. 


chloride. 


Beaction.  In  contact  with  water  they  are  converted  into  the 
corresponding  acids : — 


1 


0  +    OH,    =  2C(C,ft«+0OHo. 

C(C,,H2,+x)0 

Anhydride.  Water.  Acid. 


The  following  is  a  list  of  the  anhydrides  belonging  to  this 
class : — 

Fusing-  Boiling 
point.  i)oint. 


Acetic  anhydride   O  or  «^  O    138°. 

CMeO  [C(CH3)0 


Propionic  anhydride ... O  or  <^  O    165°. 

C"  '   


r  CMeO  f  C(CH,)0 

V" 

rcEto  rc(c,H5)0 

O  or  <^  O  ' 

CEtO  [CCC^HJO 

r  cPrO  r  c(C3H,)0 

Butyric  anhydride  \  O  or     O    about  190°. 

{  CPrO  I  C(C3H,)0 

rcBuO  rc(c,Hg)o 

Valeric  anhydride  ]  O  or  j  O   about  215°. 

ICBuO  [C(C4H,)0 
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Fusing-  Boiling- 
point,  point. 

rCAyO  rC(C,H,,)0 

Caproic  anhydride  ^  O  or  O     

[CkjO  [C(0,HJO 

rccpo  rccCeHjo 

(Enanthylic  anhydride.  ^  O  or  ^  O  42°.  310°. 

[CCpO  lC(C,H,3)0 

r  C(C,H,)o 

Benzoic  anhydride  <  O      — — 

i  C(C,H,)0 

rCMeO 

Acetobenzoic  anhydride  <^  O      120°. 

I  C(C3H,)0 

C(C,H,5)0 

Caprylic  anhydride  ..AO    below  0°.  about  290°. 

C(C,H,,)0 

C(08H,,)0 

Pelargonic  anhydride.  .^O    H-5°.   

C(C,H,,)0 

C(Ci5H3,)0 

Palmitic  anhydride  ...^O   53- °8.   

C(C,,H3,)0 


2.  ANRTDBIDJES  OF  THE  DIRYDBIG 
MONOBASIC  ACIDS. 

Formation. — By  applying  heat  to  a  dihydric  monobasic  acid, 
thus  : — 

JCMeHHo         rCMeH^    ^  -.tt 
\COHo        =   jcO     ^  + 

Lactic  acid,  Laej"de.  Water. 

(Lactic  anhydride.) 

Beaction.—BoW.edi  with  water,  and  especially  with  alkalies, 
they  reproduce  the  acids  from  which  they  were  derived : — 

JCMeH^  L  rCMeHHo 
jcO     ^    +  =  \COHo.  • 

Lactide.  Water.  Lactic  acid. 
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3.  ANRTDBIDJES  OF  THE  BIRTDItlQ 
DIBASIC  ACIDS. 

Formation. — By  the  action  of  heat,  or  of  substances  having 
a  strong  affinity  for  water,  upon  the  dihydric  dibasic  acids : — 

rCOHo  fCO— n 
4C,H,      =  ^C,H,  O    +  OH,. 
[COHo         [CO  ' 

Succinic  Succinic  Water, 

acid.  anhydride. 

Beaction. — Like  the  anhydrides  of  the  first  and  second  classes, 
they  unite  with  water,  reproducing  the  acids  from  which  they 
were  derived. 


CHAPTER  XXVI. 

THE  KETONES. 

The  ketones  are  derived  from  the  fatty  acids  by  the  substitu- 
tion of  the  hydroxyl  of  the  latter  by  a  monad  positive  radical ; 
they  thus  resemble  the  aldehydes  in  constitution : — 

r  CH,         r  CH,        J  CH, 

jCOHo*         I  coil-  jCOMe 

Acetio  Acetic  Acetone, 

acid.  aldehyde. 

The  ketones  may  also  be  correctly  described  as  compounds 
of  carbonic  oxide  with  monad  positive  radicals,  thus : — 

COMe,. 

Acetone. 

By  the  action  of  nascent  hydrogen  upon  the  ketones,  they 
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are  converted  into  secondary  alcohols,  whilst  the  aldehydes, 
under  the  same  treatment,  yield  normal  alcohols  : — 
fCH,       ,     TT    _  fCH, 
|COMe    +  -  \CMeHHo- 

Acetone.  Isopropylio 

alcohol. 

Ketones,  unlike  aldehydes,  do  not  oxidize  spontaneously ; 
neither  do  they  reduce  ammoniacal  solution  of  argentic  oxide. 

Like  aldehydes,  many  of  them  combine  with  hydric  potassic 
or  hydric  sodic  sulphite. 

Formation. — 1.  By  the  action  of  the  zinc  compounds  of  the 
positive  monad  radicals  upon  chloracids  : — 

^{cocr  +  Z»(OA.,0.  =  2{g§^ii^__^^)+  ZnCl, 

Chloracid.  Zinc  compound.  Ketone.  Zineic 

chloride. 

2.  By  the  action  of  sodic  ethide  and  its  homologues  on  car- 
bonic oxide : — 

CO    +    2Na(C,.H,„0    =    {g'gjBXo  +  ^'^^ 

Carbonic  Sodium  compound.  Ketone, 

oxide. 

3.  By  the  distillation  of  the  salts  of  the  fatty  acids  : — 

Potassic  salt  Ketone.  Potassic 

of  fatty  acid.  carbonate. 

4.  By  distilling  together  salts  of  two  different  fatty  acids,  ke- 
tones containing  two  different  positive  radicals  are  obtained  : — 

J  CEtH,     , '    J  CH,  r  CEtH,     ,  .  ^^j^ 


ICOKo  [COKo    -  tCOMe 


Potassic  Potassic  Propylmethyl  Potassic 

butyrate.  acetate.  ketone.  carbonate. 

5.  Numerous  ketones  may  also  be  produced  by  the  following 
series  of  reactions. 

By  the  action  of  sodium  upon  ethylic  acetate  hydrogen 
becomes  replaced  by  sodium  : — 

r  CH,  r  CHNa,    ,  „ 

jcOEto    +  =     {cOEto  + 

Ethylic  acetate.  Ethylic  disodacetate. 
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The  ethylic  disodacetate  is  acted  upon  by  excess  of  ethylie 
acetate  as  follows : — 


J  CHNa, 
t  COEto 

Ethylie 
disodacetate. 


+    COMeEto  = 

Ethylie  acetate. 


rCOMe 
]  CHNa 
[  COEto 

Ethylie  sodaeeto- 
acetate. 


+  NaEto. 


Sodic 
ethyl  ate. 


"When  ethylie  iodide  is  added  to  ethylie  sodaceto-acetate  the 
following  reaction  occurs  : — 


rCOMe 
]  CHlSra 
[  COEto 

Ethylie  sodaceto- 
acetate. 


+  EtI 


f  COMe 
=    4  CHEt 
COEto 


+  M. 


Ethylie 
iodide. 


Ethylie  ethaceto- 
acetate. 


Lastly,  ebullition  of  ethylie  ethaceto-acetate  with  potassic 
hydrate  converts  it  into  ethylated  acetone,  alcohol,  and  potassic 
carbonate : — 


rCOMe 

^CHEt    +  2KHo 
COEto 


Ethylie  ethaceto- 
acetate. 


Potassic 
hydrate. 


rCOMe 
t  CH,Et 


Ethylated 
acetone. 


+   EtHo   +  COKo,. 


Alcohol. 


Potassic 
carbonate. 


Ethylated  acetone  is  obviously  acetone  in  which  one  atom  of 
hydrogen  has  been  replaced  by  ethyl. 

A  second  atom  of  hydrogen  in  acetone  may  be  replaced  in  the 
following  analogous  series  of  reactions  : — 

fCNa, 
t  COEto  + 

Ethylie  trisodacetate. 

f  r-K  I  COMe 

{ COEto   +  COMeEto 


ICH3 

{ COEto  + 

Ethylie  acetate. 


3Na,  = 


i  CNa, 
COEto 


+  NaEfco. 


Ethylie 
trisodacetate. 

rCOMe 

\  CNa„  + 

[  COEto 

Ethylie  disodaceto- 
acetate. 


Ethylie 
acetate. 


2EtI  = 


Ethylie 
iodide. 


Ethylie  disodaceto- 
aeetate. 


Sodic 
ethylate. 


rCOMe 
iCEt, 
[COEto 

Ethylie  diethaceto- 
acetate. 


+  2NaL 
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\  CEt.,  +  2KHo  =  J^^fi?  +  EtHo  +  COKo,. 
[cOEto  [CM,^ 

Ethylic  diethaceto-       Potassie  Diethylated         Alcohol.  Potassic 

acetate.  hydrate.  acetone.  carbonate. 

6.  By  the  action  of  zincic  etliide  on  the  chlorides  obtained 
from  the  dibasic  acids,  ketones  containing  dyad  radicals  are 
produced  ;  thus  : — 

Succinylic  chloride  submitted  to  the  action  of  zincic  ethide 
gives  ethylene  diethylic  ketone  : — 

r  coci  r  coEt 

I  (CJIJ'  +    ZnEt,    =    \  (C.HJ"     +  ZnCl,. 
[  COCI  [  COEt 

Succinylic  Zincic.  Ethylene  diethylio  Zincic 

chloride.  ethide  ketone.  chloride. 

The  following  is  a  list  of  the  names,  constitutional  formulsD, 
and  boiling-points  of  those  ketones  which  are  best  known  : — 

Boiling- 
point. 

^       Acetone   {  COMe  - 

Methylated  acetone. 

(Mhyl  acetyl,  meA^^^-    81°. 

thyl  acetone.)   

^Dimethylated  ace- 
tone.    {Mhyl  ace- 1  q^^^    93°'5 

tone.)   


^  ^  Ethylated  acetone  ...  |  qq^Mo 

Propione.  {Ethyl  f  CMeH^  ^^^o 
-  ^ropionyl.)    1  COEt 

Methyl  valeral   |  ^q^I    120°. 

Ethyl  butyral  {  cOEt'  ^^8°. 

Diethylated  acetone  {  qqMc 


[Butyrono   { 


144°. 


188 


ETHEREAL  SALTS. 


Little  is  known  of  the  ketones  of  the  C,Jl2n~7  series.  The 


IS 


following  have  been  obtained : — 

jBenzo])lienone  ^  |  qq^q  H  ))'      ketone  of  benzoic  acid, 
obtained  bj  heating  potassic  benzoate. 

Methyl  lenzole  or  methyl  lenzoyl  ^  |  qq^q         is  prepared 

by  distilling  together  calcic  acetate  and  benzoate. 

Phthaljlic  chloride,  treated  with  zincic  ethide,  produces 

jphenylene  diethylic  Icetone  : — 

r  coci  r  coEt 


COCl 

Phthalylic 
chloride. 


+  ZnEt, 


Zincic 
ethide. 


(OA)" 
COEt 

Phenylene  di- 
ethylic ketone. 


+ 


ZnCl,. 


Zincic 
chloride. 
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ETHEEEAL  SALTS. 

These  compounds  correspond  to  the  metallic  oxysalts  of  the 
acids. 

The  acids  from  which  they  are  derived  may  be  either  mineral 
or  organic  ;  but  the  base  must  always  be  organic.  The  haloid 
ethereal  salts  are  excluded  from  this  family ;  they  have  been 
already  described  as  haloid  ethers. 

The  ethereal  salts  are  produced  by  reactions  analogous  to 
those  employed  for  the  preparation  of  metallic  salts  : — 


jCOHo 

Acetic  acid. 

fCH, 

jCOHo 

Acetic  acid. 


+     KHo  = 


fCH, 
tCOKo 


Potassic 
hydrate. 


Potassic 
acetate. 


+    EtHo  = 

Ethylic 
hydrate. 


5  OH, 

[  COEto 


Ethylic 
acetate. 


OH, 

Water. 


+  OH. 


Water. 


But  as  the  hydrates  of  the  organic  radicals  do  not  act  upon 
acids  so  energetically  as  potassic  hydrate,  it  is  often  advisable 
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to  employ  the  acid  in  tlie  form  of  a  potassic  salt,  and  the  radi- 
cal as  a  snlphoacid  ;  thus,  with  acids  of  the  acetic  series : — 

SO,Ho(C„H.,.0)  +  {  gg|'+'  =  {  S5ctk,.0)+ 

Snlphoacid.  Potassic  Ethereal  salt.  Hydric  potassic 

salt.  sulphate. 

Monobasic  acids  form  only  one  ethereal  salt  with  each  mono- 
hydric  alcohol ;  and  this  salt  is  always  normal. 

With  dihydric  alcohols  they  each  form  two  ethereal  salts, 
and  wdth  trihydric  alcohols  three  ethereal  salts.  These  are 
also  normal.    Thus  with  acetic  acid  we  have  : — 

Acetic  salt  of  a  monohydric  alcohol : — 

JCH, 
t  COEto- 

Ethylic  acetate. 

Acetic  salts  of  a  dihydric  alcohol : — 

r  CH^Ho  r  CH,-0-CMeO 

\  CH,-0-CMeO-  1  CH^-O-CMeO- 

Monaeetic  glycol.  Diacetic  glycol. 

Acetic  salts  of  a  trihydric  alcohol : — 

f  CH^Ho  r  CH^-O-CMeO      f  CH,-0-CMeO 

]  CHHo  .    ]  CHHo  .     \  CH  -0-CMeO. 

[  CH^-O-CMeO      [  CH,-0-CMeO      [  CH.-O-CMeO 

Monacefcin.  Diacetin.  Triacetin. 

Dibasic  acids  form,  with  monohydric  alcohols,  two  series  of 
ethereal  salts : — 

1.  Acid  ethereal  salts,  as  : — 

r  COEto 

Succinethylic  acid   ■{  C^H^  . 

[COHo 

2.  Normal  ethereal  salts,  as  : — 

r  COEto 

Ethylic  succinate   ■{  CJI^  . 

[  COEto 

In  the  same  manner,  tribasic  acids  form  with  monohydric 
alcohols  three  series  of  ethereal  salts,  the  first  two  of  which  are 
acid,  and  the  third  normal. 
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Prolonged  contact  with  water  generally  decomposes  ethereal 
salts,  liberating  the  radicals  of  the  bases  in  the  form  of  alco- 
hols : — 

Sa.Meo,    +    20H,    =    SO,Ho,    +  2MeHo. 

Methylic  Water.  Sulphuric  Methylic 

sulphomethylate.  acid.  alcohol. 

Ebullition  with  potassic  hydrate,  especially  when  the  latter  is 
dissolved  in  alcohol,  effects  this  transformation  very  speedily : — 

{coho   +    ™°    =   {iofco    +  EtHo. 

Ethylie  Potassie  Potassic  Ethylic 

acetate.  hydrate.  acetate.  alcohol. 


CHAPTER  XXVIII. 

organic  compounds  containing  triad  and  pentad  nitrogen 
OR  their  analogues. 

This  numerous  family  may  be  divided  into  two  great  classes : — 

1.  Compounds  of  triad  nitrogen,  phosphorus,  arsenic,  anti- 
mony, and  bismuth. 

2.  Compounds  of  pentad  nitrogen,  phosphorus,  arsenic,  anti- 
mony, and  bismuth. 


I.  COMPOTTJSTDS  OF  TEIAB  NITBOGEN  AND  OF 
ITS  ANALOGUES. 

This  class  may  be  again  subdivided  as  follows : — 


Positive. 

1.  Amines. 

2.  Phosphines. 

3.  Arsines. 


Neutral. 

1.  Amides. 

2.  Alkalamides. 

3.  Trichlorinated  and 

tribrominated  amines. 

4.  Haloid  compounds 
of  oxybases. 


tive. 

1.  Imides  and 
nitrides  of 
negative 
radicals. 


4.  Stibines. 

5.  Bismuthines. 

6.  Oxybases. 

Of  these  the  Amines  and  Amides  are  the  most  important. 


MONAMINES. 
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PosiTiYE  Section. 

1.  TSCE  AMmJES. 

The  Amines  are  commonly  termed  organic  bases  or  artificial 
alkaloids ;  they  are  divided  into — 

A.  Monamines. 

B.  Diamines. 

C.  Triamines. 

D.  Tetramines. 

The  tetramines  have  been  but  little  investigated. 

A.  MONAMINJES. 

There  are  three  kinds  of  monamines  : — 

a.  Primary  monamines. 
/3.  Secondary  monamines. 
y.  Tertiary  monamines. 

a.  Primary  Monamines. 

G-eneral  formulae. 

Methyl  or  OAn^x  series   N(CA»4i)H2- 

Vinyl  or  Cr^2n-\  series    N(C„H2rt_i)H2. 

Phenyl  or  C,^2n-n  series   'N(Q^2n-'i)^2- 

Formation. — 1.  By  the  reduction  of  the  nitro- substitution 
compounds  of  the  hydrides  of  the  positive  radicals  by  sulphu- 
retted hydrogen,  ammonic  sulphide,  zinc  and  sulpharic  acid,  or 
iron  and  acetic  acid : — 

N(CeH,)0,  +  3SH,  =  N(C,H,)H,  +  20H,  +  S3. 

!N"itrobenzol.        Sulphuretted  Aniline.  Water, 

hydrogen. 

2.  By  treating  cyanic  ethers  with  boiling  solution  of  potassic 
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hydrate.  The  reaction  is  perfectly  analogous  to  the  decom- 
position of  cyanic  acid  with  potassic  hydrate  : — 

CN"'Ho    +    2KHo    =    COKo,    +  NH,. 

Cyanic  acid.  Potassic  Potassic  Ammonia, 

hydrate.  carbonate. 

CN"'Eto  +    2KHo    =    COKo,    +  NEtH,. 

E  thy  lie  Potassic  Potassic  Ethylamine. 

cyanate.  hydrate.  carbonate. 

3.  By  the  action  of  the  haloid  compounds  of  the  monad 
positive  radicals  upon  ammonia,  and  subsequent  action  of 
potassic  hydrate  upon  the  product  so  formed  : — 

NH3    +    EtI    =  NEtH3l. 

Ammonia.  E  thy  lie  Ethylammonic 

iodide.  iodide. 

NEtH3l    +    KHo    =    NEtH,    +    KI    +  OH,. 

Ethylammonic  Potassic  Ethylamine.         Potassic  Water, 

iodide.  hydrate.  iodide. 

The  following  are  a  few  of  the  primary  monamines : — 

Methylamine   NMeH,  or  N(CH3)H,. 

Ethylamine   NEtH^  or  N(C,Hg)H,. 

Butylamine    NBuH,  or  N(C,H JH,. 

Amylamine    NAyH^  or  N(C,H,JH,. 

Allylamine   NAUH,  or  N(C3K)H,. 

Phenylamine  {Aniline)  NPhH,  or  N(C,H.)H^. 
Tolylamine  (Toluidine)  NToH,  or  N(C6H^Me)H,. 

Reactions. — Treated  with  nitrous  acid,  they  evolve  nitrogen 
and  yield  the  corresponding  alcohols : — 

NPhH,    +    NOHo    =    PhHo    4-  +  OH,. 

Phenylamine.  Nitrous  acid.  Phenylic  Water.. 

alcohol. 


/3.  Secondary  Monamines. 

General  formulas. 

Methyl  or  C„H,,+i  series    N(C,H2„+i),H. 

Vinyl  or  Q,^2n-i  series   NCC^Hg^.i^H. 

Phenyl  or  C^Hg,,.^  series    'N{(j,^2n-^)^' 
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The  secondary  monamines  are  derived  from  ammonia  by  the 
replacement  of  two  atoms  of  hydrogen  by  monad  positive 
radicals.    They  are  sometimes  called  Imidogen  lases. 

Formation. — By  the  action  of  the  haloid  compounds  of  the 
monad  positive  radicals  on  the  primary  monamines,  and  subse- 
quent treatment  with  potassic  hydrate  : — 

NEtH,    +    EtI    =  NEt.HJ. 

Ethylamine.  Ethylic  Diethylammonic 

iodide.  iodide. 

NEt.HJ    +    KHo    =    NEfc.H    +    KI    +  OH,. 

Diethylammonic  Potassic  Diethylamine.         Potassic  Water, 

iodide.  hydrate.  iodide. 

By  using  the  iodide  of  a  radical  different  from  that  already 
contained  in  the  primary  monamine,  secondary  monamines 
may  be  formed  containing  two  different  radicals,  thus : — 
NPhH,    +    EtI    =  NEtPhHJ. 


Phenylamine.  Ethylic  Ethylphenylammonic 

(Aniline.)  iodide.  iodide. 

NEtPhHJ    +    KHo    =    NEtPhH    +    KI    +  OH^. 

Ethylphenylam-  Potassic  Ethylphenylamine.        Potassic  Water 

monic  iodide.  hydrate.  (Ethylaniline.)  iodide. 

The  following  secondary  monamines  are  known  •— 

Dimethylamine   NMe^H    or  N(CH3),H. 

Diethylamine   .,   NEt  H     or  N(C2H5),H. 

Methylethylamine    NMeEtH  or  N(CH3)(0,HJH. 

Dibutylamine    NBu.H    or  N(C,HgXH. 

Ethylamylamine    WEtAyH  or  N(C2Hg)(C.H^JH. 

Ethylphenylamine   NEtPhH  or  N(C,Hj  fcX)H. 

Piperidine    N(C,HJ"H. 

Conine....  N(C3HJ"H. 


y.  Tertiary  Monamines. 
Formation. — 1.  By  acting  upon  the  secondary  monamines 
with  the  iodides  of  the  monad  positive  radicals,  and  subse- 
quently treating  the  product  with  potassic  hydrate  : — 

•NEt,H    +    EtI    =  NEtgHI. 

Diethylamine.  Ethylic         Triet^  ylammonic 

iodide.  iodide. 
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NEt3HI    +    KHo    =    NM,    +    KI    +  OH,. 

Triethylammonic  Potassic        Triethylamine.       Potassic  Water, 

iodide.  hydrate.  iodide. 

By  varying  the  radicals,  tertiary  monamines  with  several 
different  radicals  may  be  formed.  The  following  are  a  few  of  the 
known  tertiary  monamines : — 


Trimethylamine    NMe^    or  N(CH3)3. 

Triethylamine   NEt3     or  N(0,Hg)3. 

Tributylamine   NBug    or  N(C,Hg)3. 

Triamylamine    NAyg    or  N(CgH^j3. 

Methyl-ethyl-phenylamine  NMeEtPh or  N{CII,){CJI,)(C;K^). 

Pyridine....*   N(C,HJ". 

Picoline    N(CeHJ". 

Lutidine   N(C,HJ". 

CoUidine   N(C,HJ"'. 

Parvoline   ,   N(C9H,3)"'. 


The  constitution  of  the  triad  radicals  contained  in  the  last 
five  bases  is  not  known. 

2.  "When  phenylammonic  chloride  (aniline  hydrochlorate)  and 
methylic  alcohol  are  digested  together  at  from  280°  to  300°, 
the  non-phenylic  hydrogen  becomes  replaced  by  methyl, 
thus : — 

NPhHgCl    +    MeHo    =    NPhMeH.Cl    +  OH,. 

Phenylammonic  Methylic  Methylphenylammonic 

chloride.  alcohol.  chloride. 

NPhMeH,Cl    +    MeHo    =    NPhMe^HCl    +  OH,. 

Methylphenylammonic  Methylic  Dimethylphenylammonic 

chloride.  alcohol.  chloride. 

By  continuing  the  digestion  longer,  the  phenylic  hydrogen  is 
also  replaced  by  methyl  according  to  the  following  reaction : — 

N(C3H,)Me,HCl  +  MeHo  =  ]Xr(C,H,Me)Me,HCl  +  OH,. 

Dimethylphenylammonic         Methylic  Dimethyltolylammonic 
chloride.  alcohol.  chloride. 
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Ey  these  reactions  the  foJ] owing  tertiary  monamines  have 
been  produced : — • 

Dimethylaniline   N(CgH5)Me2. 

Dimethyltoluidine   N(CeH,Me)Me,. 

Dimethylxylidine    'N(C^'H^'Me^)Me^. 

Dimethylcumidine   N(C,H2Me3)Me2. 

Dimethylcymidine   ]>I(C6HMe3Me2. 

The  final  product  which  may  be  expected  to  result  from  this 
reaction,  ]Xr(CgMeg)Me2,  has  not  yet  been  obtained. 

Tertiary  monamines,  when  acted  upon  by  the  iodides  of 
monad  positive  radicals,  yield  iodides  which  are  not  decomposed 
by  potassic  hydrate.  In  this  manner  tertiary  monamines  may 
be  distinguished  from  primary  and  secondary  monamines.  The 
three  may  be  distinguished  from  each  other  by  the  alternate 
action  of  ethylic  iodide  and  potassic  hydrate  :  tbus,  as  we  have 
just  seen,  tertiary  monamines  are  recognized  by  producing  im- 
mediately iodides  which  are  not  decomposed  by  potassic  hy- 
drate ;  a  secondary  monamine,  however,  produces  an  iodide 
decomposable  by  potassic  hydrate  ;  but  tbe  base  thus  liberated 
is  tertiary,  and  will  therefore  be  transformed  immediately  into 
the  stable  iodide  by  a  second  application  of  ethylic  iodide.  A 
primary  monamine  requires  three  applications  of  ethylic  ipdide 
and  potassic  hydrate  to  produce  the  same  result. 


E.  DIAMINES. 

Formation. — The  diamines  are  formed  by  coupling  together 
two  atoms  of  nitrogen  in  two  molecules  of  ammonia,  or  of  a  pri- 
mary or  secondary  monan^ue,  by  a  dyad  radical,  which  at  the 
same  time  takes  the  place  of  two  atoms  of  hydrogen ;  thus : — 

fNH,  fNH  fN  fNEt" 

\  Et"  .    ,       \  Et",.  \  Et"3  or  \  Et" 


NH,  [NH  [N  [NEt" 


Primary  Secondary  Tertiary  diamine, 

diamine.  diamine. 


O  '1 
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This  reaction  is  effected  by  treating  ammonia  or  a  primary 
or  secondary  monamine  with  the  haloid  salt  (preferably  a  bro- 
mide) of  the  dyad  radical,  thus  : — 

fNHgBr 

2NH3      +     Et"Br,      =       ^Et"  . 

I  NH3Br 

Ammonia.  Ethylenic  Etliylene-diammonic 

dibromide.  dibromide. 

"When  the  salts  of  ethylene  diammonium  are  decomposed  by 
potassic  hydrate,  an  oxide  of  the  compound  nitrogenous  radical 
is  produced,  thus  : — 

NH3Br  rNH3-, 


Et"  +    2KHo    =    <  Et"    0  +  OH,  +  2KBr. 

NH3Br  [  NH3-' 

Ethylene-diam-  Potassic  Etliylene-diam-       Water.  Potassic 

monic  dibromide.  hydrate.  monic  oxide.  bromide. 

In  this  respect  most  of  the  diamines  differ  from  the  monamines. 

Urea  and  its  derivatives  belong  to  the  class  of  diamines. 

These  compounds  are  produced  by  boiling  a  solution  of 
ammonic  cyanate  or  ethylammonic  cyanate,  or  a  homologue  of 
the  latter.  In  these  compounds,  the  two  atoms  of  nitrogen 
are  held  together  by  the  dyad  radical  carbonyl,  CO  : — 

fNH, 

CN"'(N^H,0)       =         CO  . 

Ammonic  cyanate.  Urea 

fNHEt 

C]N-"'(N^EtH30)     =     ^  CO  . 

Ethyl-ammonic  Ethyl  urea, 

cyanate. 

By  heating  ammonic  carbonate  tt)  130°-140°  in  closed  vessels 
for  a  few  hours,  urea  is  produced : — 


CO(]SrH  0),  = 

Ammonic  carbonate. 
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Ureas  in  which  ethyl  and  other  monad  positive  radicals  are 
substituted  for  hydrogen  may  also  be  obtained  by  the  action  of 
ammonia  or  a  monamine  on  the  cyanic  ethers,  thus : — 

fNHEt 

CN"'Eto    +    NH3    =  ^  CO  . 

[nh, 

Etbylic  Ammonia,  Ethyl  urea, 

cyanate. 

fNHEt 

C]N""'Eto    +    NH,Et  =  ^  CO  . 

[NHEt 

Ethylic  Ethylamine.  Diethyl  urea, 

cyanate. 

Beaction. — Urea  is  decomposed  by  nitrous  anhydride : — 
^CO     +  =    CO,    +  +  20H,. 

[nh. 

Urea.  Nitrous  Carbonic  Water, 

anhydride.  anhydride. 

Tl^e  following  is  a  list  of  the  best-known  diamines  : — 

NH. 


Ethylene  diamine   i  Et"  . 

fNHEt 

Ethylene  diethyl  diamine   \  Et" 

^  [NHEt 

NH, 

Urea   ^  CO  . 

NH, 

NH, 

Sulphur  urea   \  CS"  . 

-IH, 

r  NHEt 

Ethyl  urea   i  CO 

[nh, 
r  NHPh 

Sulphophenylurea   |  CS" 
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C.  TEIAMINES. 


To  this  class  of  organic  bases  belong  many  of  the  aniline 
colours  and  their  derivatives.  Mauveine  was  the  first  discovered 
of  these  bodies ;  it  is  obtained  by  the  action  of  concentrated 
sulphuric  acid  and  red  potassic  chromate  upon  aniline.  It  is 
also  produced  by  heating  the  coloured  product  obtained  by  the 
action  of  a  solution  of  bleaching  powder  upon  aniline.  The 
molecular  formula  of  mauveine  is 


It  is  probably  a  tetramine  with  the  constitution  shown  in 
the  following  formula  :— 


Itosaniline  is  obtained  from  a  mixture  of  aniline  and  tolui- 
dine  by  the  action  of  various  reagents,  such  as  carbonic  cliloride, 
stannic  chloride,  mercuric  chloride,  ferric  chloride,  cupric  chlo- 
ride, the  sulphuric  and  nitric  salts  of  tin  and  mercury,  and, 
lastly,  arsenic  acid  which  has  superseded  all  other  reagents  for 
the  technical  preparation  of  the  salts  of  this  base. 

By  the  replacement  of  hydrogen  in  rosaniline  by  positive 
radicals,  other  bases,  forming  with  acids  valuable  colouring- 
matters,  are  produced. 

The  following  is  a  list  of  the  best-known  of  these  bases 

Bosaniline,  the  base  of  ma- 1  -ivr  (T!  TT  ^'YP  TT  y  TT 


genta 


Diphenyl  rosaniline,  the  base 
of  aniline  violet  


Phenyl  rosaniline,  the  base 
of  dahline   


Triphenyl  rosaniline,thebase 
of  aniline  blue   


Tritolyl  rosaniline,  the  base 
of  toluidine  blue   


}  ]W,(0„H,)"(C,H.)';PhH,. 
}N3(C,HJ"(C,H.)';Ph,H. 
}  N3(C,H.)"(C,H,)",Pli3. 
}  N3(C,HJ"(C,H.)",(C,H,X 
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Chrysaniline,     JSTicliolson's  1  ivr  p  -rr 
yellow  I  ^^3^0^17- 

Leukaniline    NgC^oH^i- 

Rosaniline  appears  to  be  formed  by  the  abstraction  of  three 
molecules  of  hydrogen  from  one  molecule  of  aniline  and  two 
molecules  of  toluidine,  thus  : — 


N(C,a)H,  +  2]Xr(C,H,)H,  -  3H,  =  N3(C,H,)"(C,H,)",H3. 

Aniline,  Toluidine.  Kosaniline, 

The  phenyl  derivatives  of  rosaniline  are  produced  as  salts  of 
hydrochloric  acid  by  heating  rosaniline  hydrochlorate  with 
various  proportions  of  aniline,  thus  :  — 

■W'(C,H.)"(C,H3)",H.C1     -r     NPhH,  = 

Eosaniline  hydrochlorate.  Aniline, 

"(]Nr3)^'(C.H,)"(C,H,)",PhH3Cl       +  NH3. 

Phenyl-rosaniline  hydrochlorate.  Ammonia, 

''(N3)'"(CeHJ"(C,HJ",H,Cl     +     2NPhH,  = 

Eosaniline  hydrochlorate.  Aniline, 

"(N3)"(C,H,)"(C,H,)",Ph,H,Cl      +  i-NK,. 

Diphenyl-rosaniline  hydrochlorate.  Ammonia. 

"(Pl3)-(C,H,)"(C,H.)",H,C1     +     3NPhH,  = 

Eosaniline  hydrochlorate.  Aniline, 

"(N3)»>(C,H,)"(C,HJ",Ph3HCl      +  3NH3. 

Triphenyl-rosaniline  hydrochlorate.  Ammonia. 

The  salts  of  tritolyl  rosaniline  are  formed  by  analogous 
reactions. 

Triethyl  rosaniline  is  obtained  by  heating  to  100°,  in  a 
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close  vessel,  rosaniline  "with  ethylic  iodide  dissolved  in  al- 
cohol : — 

N3(C,HJ"(C,H,)",H,   +  3BtI  =  N3(C,H,)"(C,H,)",Et, 

Eosaniline.  Ethylic  Triethyl  rosaniline. 

iodide. 

4-  3HI. 

Hydriodic 
acid. 

Trimethyl  and  triamyl  rosaniline  are  obtained  by  analogous 
processes. 

Cbrysaniline  is  formed  as  a  secondary  product  in  the  manu- 
facture of  rosaniline. 

Leukaniline  is  produced  by  the  action  of  zinc  upon  an  acid 
solution  of  rosaniline  : — 

Rosaniline.  Leukaniline; 


OTREB  AMINES. 

Subjoined  are  the  names  and  formulae  of  a  number  of  organic 
bases  which  cannot  at  present  be  satisfactorily  classified  : — 

Guanine    C.H,N,0. 

0      0  5 

Guanidine   C(NH)"(NH,)(NH,) 

or  C(NH)"Ad,.  • 

H  H 

I  I 
N— C— N 

.1     11  I 

H  ]sr  H 

H 

T^urfurine   C,,H,,N,0 

Amarine    CgiH^gNg. 

Thialdine    C.H^aNS,. 

Dibutyraldine    C,H,,NO. 

Acridine    C24HjgN2. 
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Me— C=  N— C— Me 

V 

Cyanmethine  ...  -(N3y^(CMe)"'3  ...  Ill 

C 

I 

Me 

Et— C=]N"— N=C— Et 
\  / 

Cjanethine          '\N,y\Cny\  ...  Ill 

C 

A 


THJE  J^ATUBAL  AZKALOIDS. 

Of  the  constitution  of  these  organic  bases  very  little  is 
known.  The  following  is  a  list  of  the  chief  of  them,  with  the 
sources  whence  they  are  derived  : — 

Alkaloids  from  Opium. 

Hydrocotarnine    C^gH^.NOg. 

Morphine   C^.H^^NOg. 

Codeine   C,3H,,N03,  OH,. 

Thebaine    C^.H^^NOg. 

Protopine   C.^H^g NO^. 

Papaverine   C^oH^.NO^. 

Cryptopine    C,,H,3N0,. 

Laudanosine   CgiH^^NO^. 


jN'arcotine   C^.H^gNO,. 

Narceine    €2311,9^9. 


From  Cinchona  JBarTc. 

Qiiimne   C,,H,,NA. 

Cinchonine   C,,H,,N,0. 

Aricine  ,.   C^gH.gN.O^. 
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From  N^ightshade. 
Atropine    C.^H.gNOg. 

From  Tohacco. 
Mcotine    C^oH^^N^. 

Froin  Nux  vomica. 

Stryclinine    QJS^^^S^^. 

Erucine   C^gll^eN^O^. 

From  Tea,  Coffee,  and  Cocoa. 

Theobromine    C.H^N.O,. 

Caffeine  {Theine)   C^H.^Np,. 


2,  3,  4.  TKF  FROSPRINES,  ABSINES,  8TIBINFS, 
AND  BISMUTHINES. 

The  bases  containing  phosphorus  may  be  obtained,  like  the 
amines,  by  the  displacement  of  hydrogen  in  phosphuretted  hy- 
drogen. The  tertiary  compounds  only  of  arsenic,  antimony, 
and  bismuth  are  known  ;  and  they  are  produced  by  reactions 
of  which  the  following  may  be  regarded  as  a  type  : — 

AsNag    +    3EtI    =    AsEtg    +  3NaI. 

Sodic  Ethylic  Triethyl  Sodic 

arsenide.  iodide.  arsine.  iodide. 

Primary  and  secondary  phosphines  are  obtained  by  the 
action  of  methylic  or  ethylic  iodide  and  zincic  oxide  upon  phos- 
phonic  iodide.  "With  ethylic  iodide  the  following  reactions 
occur : — 

2PHJ  +  2EtI  +  ZnO  =  2PEtH3T  +  Znlo  +  OH^. 

Phosphonic       Ethylic  Ethyl-  Water, 

iodide.  iodide.  phosphonic 

iodide. 

2PHJ  +  4EtI  +  3ZnO  =  2PEt,H(Znl)I  +  30H,  +  Znl,. 

Phosphonic     Ethylic  Diethyl-phos-  Water, 

iodide.         iodide.  phonic  zincic 

iodide. 
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These  reactions  take  place  side  by  side  ;  but  the  primary  and 
secondary  phosphines  are  readily  separated  from  each  other  by 
the  consecutive  action  of  water  and  alkalies  upon  the  products 
of  the  above  operation. 

The  addition  of  water  to  the  mixed  product  liberates  the 
primary  phosphine  from  its  compound,  whilst  the  compound  of 
the  secondary  phosphine  resists  even  boiling  water,  but  easily 
decomposes  under  the  influence  of  alkalies. 

The  tertiary  phosphines  are  produced  by  the  action  of  the 
zinc  compounds  of  the  monad  positive  radicals  upon  phospho- 
rous chloride  : — 

3ZnEt,    +    2PCI3    =    2PEt3    +  3ZnC],. 

Zincie  ethide.  Phosphoroijs  Triethyl  Zincic  chloride, 

chloride.  phosphine. 

They  may  also  be  obtained  in  combination  with  hydriodic 
acid  by  the  action  of  phosphonic  iodide  upon  the  alcohols : — 

PH,I    +    3EtHo    =    PEtgHI    +  30H,. 

Phosphonic  Ethylie  Triethyl-  Water, 

iodide.  alcohol.  phosphonic 

iodide. 

By  the  action  of  alkalies  upon  triethyl-phosphonic  iodide 
triethyl  phosphine  is  liberated : — 

PEt3HI    +    KHo    =    PEt3    4-    KI    +  OH,. 

Triethyl-  Triethyl-  Water, 

phosphonic  phosphine. 
iodide. 

The  following  Table  contains  the  names  of  the  known  phos- 
phines, arsines,  and  stibines : — 

JPrimary  I*liosphines. 

Eormula.  Boiling-point. 

Methyl  phosphine    PMeH^   —14°. 

Ethyl  phosphine    PEtH,    25°. 

Secondary  JPliosphines. 

Dimethyl  phosphine    PMe^H   25° 

Diethyl  phosphine    PEt^H    85°. 
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Tertiary  FJiospJiines. 

Formula.  Boiling-point. 

Trimethyl  phosphine    PMCg    41°. 

Triethyl  phosphine   PEtg   127°-5. 

Tertiary  Arsines. 

Trimethyl  arsine   AsMCg   120°. 

Triethyl  arsine   AsEtg    140° 

Tertiary  Stihines 

Trimethyl  stibine    SbMCg 

Triethyl  stibine    SbEt, 

Triamyl  stibine    SbAyg 

Tertiary  Bismuthine. 
Triethyl  bismuthine    BiEtg     

Character. — The  phosphines,  arsines,  stibines,  and  bismuth- 
ines  possess  very  energetic  affinities  for  negative  elements. 
Many  of  them  are  spontaneously  inflammable  in  air  and  oxygen. 
Most,  probably  all,  unite  with  an  atom  of  oxygen  or  a  molecule 
of  chlorine,  bromine,  or  iodine,  forming  compounds  in  which  the 
grouping  element  becomes  pentadic.  Thus,  by  the  absorption 
of  oxygen,  triethyl-phosphine  is  transformed  into  phosphoric 
triethoxide : — 

PEtg    -f    0    =  PEtgO. 

Triethyl-  Phosphoric 
phosplune.  triethoxide. 

5.  OXYBASES. 
These  compounds  are  only  known  in  the  arsenic  series. 

Arsenious  oxyhases. 
Only  one  of  these,  cacodylic  oxide,  has  been  carefully  inves- 
tigated. 


158°. 
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By  the  distillation  of  potassic  acetate  with  arsenious  anhy- 
dride, a  compound  known  as  cacodyl,  'As"2Me^,  is  produced. 
This  substance  may  also  be  prepared  by  the  action  of  methylic 
iodide  upon  an  alloy  of  sodium  and  arsenic  containing 
'As",Na,:— 

'As'^-Na,    +    4MeI    =    'As",Me,    +  4NaI. 

Sodic  Methylic  Cacodyl.  Sodic 

araenide.  iodid.e.  iodide. 

By  allowing  cacodyl  to  absorb  oxygen  slowly,  an  oily  liquid 
containing  cacodylie  oxide  (As.^Me^O)  is  formed. 

This  oxybase  does  not  appear  to  unite  with  oxygen  acids, 
but  it  is  attacked  by  hydrochloric  acid,  forming  cacodylie  chlo- 
ride : — 

fAsMe, 

\  O  +    2HC1    =    2AsMe,Cl    +  OH,. 
[  AsMe, 

Cacodylie  Hydrochloric               Cacodylie  Water, 

oxide.  acid.  chloride. 

Cacodylie  oxide,  when  exposed  to  moist  air,  absorbs  water 
and  oxygen,  forming  cacodylie  acid  : — 

As,Me,0    +    0,    +    OH,    =  2AsMepHo. 

Cacodylie  Water.  Cacodylie 

oxide.  acid. 


CHAPTER  XXIX. 

OBGAJSriO  COMPOUNDS  OF  TRIAD  NITBOGJEN 
AND  OF  ITS  ANALOGUES  (continued). 

Neutral  Sectio]S". 

1.  TRF  AMIDES. 

These  compounds  are  formed  by  the  substitution  of  amidogen 
(NH,)  for  the  oxatylic  hydroxyl  of  organic  acids.    They  are 
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most  conveniently  written  on  the  diadelpliic  type,  but  may  also 
be  formulated  upon  tlie  ammonia  type. 

If  the  acid  contain  only  one  semimolecule  of  oxatyl,  a  mona- 
mide  is  tbe  result ;  if  two  semimolecules  of  oxatyl  are  present 
in  tbe  acid,  a  diamide  is  generally  formed,  &c.  Secondary  and 
tertiary  compounds  can  also  be  produced,  as  in  the  case  of  tbe 
amines  ;  but  they  belong  to  the  negative  section  of  this  family. 


A.  MONAMIDJES. 
I.  Primary  Monamides. 


Acetamide : — 


{CMeO„rlM,(CMeO),or{gH^,. 
Chloracetamide : — 

{  NH^*^^^°  "  NH,[C(CH,C1)0],  or  {  g^f/. 
Benzamide  : — 

{  nS^'^^"-^  NHIC(C,H,)0],  or  { 

Formation. — 1.  By  the  distillation  of  the  ammonic  salts  of 
the  monobasic  acids : — 

tC0(N-H,0)    ~    \CO(N"'H,)  + 


Ammonie  Acetamide.  Water, 

acetate. 

2.  By  the  action  of  ammonia  upon  the  chloracids : — 
{COCI    +  =    {g^j^-H,)    +  HCl. 

Acetylic  Ammonia.  Acetamide.  Hydrochloric 

chloride.  acid. 
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3.  By  the  action  of  ammonia  on  the  ethereal  salts  of  the 
monobasic  acids : — 

Colto    +  =     {C0(N"'H,)    +  E'Ho. 

Ethylic  Ammonia.  Acetamide.  Alcohol, 

acetate. 

Beactions. — 1.  Boiled  with  aqueous  solutions  of  acids,  the 
primary  monamides  yield  amnionic  salts  acd  acids : — 

{C0(N-HJ  +  HCl  +  OH,  =  NH.Cl  + 

Acetamide.  Hydrochloric      Water.  Amnionic  Acetic 

acid.  chloride.  acid. 

2.  Boiled  with  potassic  hydrate,  ammonia  is  evolved,  and 
a  potassic  salt,  corresponding  to  the  amide,  is  formed. 

{§0(N-H,)    +    KHo    =    NH3  + 

Acetamide.  Potassic  "         Ammonia.  Potassic 

hydrate.  acetate. 

II.  Secondary  Monamides. 

rcH3 

I  CO 

Diacetimide  ...  N(CMeOXH    or  ^  NH  . 

I  CO 
LCH3 

r  rco  1"  ^co-^ 

Succinimide          NH   \  C,H,  I  or  \  Et"  (N"'H)". 

Lico  J  ico-j 

These  bodies  possess  a  negative  character,  and  are  treated  of 
under  the  negative  section  of  this  class  as  imides  of  negative 
radicals  (p.  210). 

Tertiary  monamides  are  little  known.  They  are  the  nitrides 
of  negative  radicals  (see  p.  21,0). 


B.  BIAMIDm. 


The  di amides  may  be  regarded  as  derived  from  two  molecules 
of  ammonia,  by  the  substitution  of  a  dyad  negative  radical  for 
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two  atoms  of  hydrogen ;  or  tliey  may  be  considered  to  be  formed 
by  the  substitution  of  amidogen  for  the  hydroxyl  contained  in 
the  two  semimolecules  of  oxatyl  in  dibasic  acids : — 


JPrimary  Diamides. 


Oxamide 


(C,OJ' 


rcoAd 

COAd- 


r  rco^ 

rcoAd 

\  Et" 

,  or- 

Et"  . 

[CO 

COAd 

Succinamide. . .  N.H^CC.H^O^)"  or  N,H, 


Formation. — 1.  By  the  action  of  heat  upon  the  normal  am- 
monic  salts  of  dibasic  acids  :  — 

fCO(NvH,0)    _     fCO(N"'H,)  o 


Amnionic  oxalate. 


Oxamide. 


2' 

Water. 


2.  By  the  action  of  ammonia  on  the  ethereal  salts  of  dibasic 
acids : — 


/  COEto 
\  COEto 


Ethylic 
oxalate. 


f      2NH3  = 

Ammonia. 


rCO(N"'H,) 

Oxamide.  AlcohoL 


3.  By  the  action  of  ammonia  on  the  chloro-dibasic  acids : — 

rCO(N'"H,) 


4NH, 


Ammonia. 


rcoci 

\  Et" 

[coci 

Succinylic 
chloride. 


\  Et"  +  SNH.Cl. 

[CO(N"'H,) 


Succinamide. 


Ammonic 
chloride. 


The  secondary  and  tertiary  diamides  are  but  little  known. 


C.  TBIAMIDm. 

Primary  Triamides. — The  primary  triamides  may  be  regarded 
as  derived  from  tribasic  acids  by  the  substitution  of  amidogen 
for  the  hydroxyl  contained  in  the  three  semimolecules  of  oxatyl 
of  these  acids,  or  as  derived  from  three  molecules  of  ammonia 
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by  the  replacement  of  three  atoms  of  hydrogen  by  the  residue 
of  a  tribasic  acid.    A  good  example  of  a  triamide  is 

(  CHHo(COAd) 

Citramide  \  CH(COAd)      or  N3H/C,K0J"'. 

[  CH^(COAd) 

Citramide  is  formed  by  the  action  of  ammonia  on  ethylic 
citrate. 

Secondary  and  tertiary  triamides  have  not  yet  been  formed. 

2.  TRE  ALKALAMIDm. 

These  compounds  occupy  an  intermediate  position  between 
the  amines  and  the  amides.  They  are  derived  from  ammonia 
by  the  substitution  of  part  of  the  hydrogen  by  positive,  and 
part  by  negative  radicals  ;  and  inasmuch  as  two  atoms  at  least 
of  hydrogen  must  be  so  substituted,  no  primary  alkalamide  can 
exist. 

Secondary  and  tertiary  monalkalamideSj  dialkalamides,  and 
trialkalamides  are  known. 

Ethyl  acetamide  !   NHEt(CMeO). 

Ethyl  diacetamide    NEt(CMeO),. 

Diethyl  oxamide   N,H^Et,(C,0  J'. 

Diphenyl-carbonyl-oxalyl  diamide  N/C,H.),(c6)"(C,0,)". 
Citryl-triphenyl-triamide    N3H3(C,K)3(CAOJ"'. 

The  alkalamides  incline  towards  a  positive  character,  their 
degree  of  alkalinity  being  about  equal  to  that  of  urea. 


8.  TRE  TniQRLOBIN-ATED  AND  TBIBBOML 
MATED  AMINES. 

If  the  hydrogen  in  an  amine  be  gradually  substituted  by 
chlorine  or  bromine,  the  basic  character  of  the  amine  gradually 
diminishes,  and  finally  a  neutral  compound  is  obtained. 

This  reaction  has  been  studied  in  the  case  of  aniline,  which 

TOL.  II.  P 
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loses  basic  energy  by  the  successive  replacement  of  two  atoms 
of  hydrogen,  and  finally  becomes  neutral  by  the  substitution  of 
three  atoms  of  chlorine  or  bromine  for  three  of  hydrogen : — 
NH,(C,H,).   NH,(C,H.C1).   NH,(C.H3Cl).  NH.CCACl,). 

Aniline,  Chloraniline.  Dichloraniline.  Trichloraniline. 


4.  TRIE  HALOID  COMPOUNDS  OF  OXTDASHS, 

These  bodies  are  only  known  in  the  arsenic  series  ;  they  are 
formed  by  the  action  of  chlorine,  bromine,  or  iodine  upon 
cacodyl  and  its  homologues,  or  of  hydrochloric  acid,  hydro- 
bromic  acid,  or  hydriodic  acid  upon  the  oxybases. 

General  formula   As(C^H2„+i)2Cl. 


Negative  Section. 
THJE  IMIDUS  AND  NITEIDES. 


G-eneral  formula . 


f  ofimides...  NH(ail2„_iO)„ 
•  \  of  nitrides  .  N(C,H2,-iO)3. 


Formation. — By  the  action  of  chloracids  (the  so-called  chlo- 
rides of  negative  radicals)  upon  amides : — 
NH/CMeO)    +    CMeOCl    =    NH(€MeO),    +  HCl. 

Acetamide.  Aeetylic  Diacetimide.  Hydrochloric 

chloride.  acid. 

A  repetition  of  this  reaction  gives  aeetylic  nitride,  which  may 
also  be  obtained  by  heating  a  mixture  of  acetonitrile  and  acetic 
anhydride  to  200°. 

An  imide  may  also  be  formed  by  the  substitution  of  a  dyad 
negative  radical  for  two  atoms  of  hydrogen  in  ammonia,  thus : — 


Succinimide   NH(C,Hpj,  or  NH 

These  bodies  have  hitherto  received  but  little  attention. 


rco~i" 

]  Et" 
L  CO 
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CHAPTER  XXX. 

II.  COMPOUNDS  OF  JPFNTAB  NITEOGJEN 
AND  OF  ITS  ANALOGUES. 


This  class  of  compounds  contains  the  following  series : — 


Positive. 

1.  Caustic  Nitrogen  bases. 

2.  „      PhosiSiorus  bases. 

3.  „      Arsenic  bases. 

4.  „      Antimony  bases. 

5.  Oxyarsenic  bases. 

6.  Oxyantimonic  bases. 


JSfeufral. 

1.  Salts  of  Amines. 

2.  „  Phosphines. 

3.  „  Arsines. 

4.  „  Stibines. 

5.  „  Oxyarsenie 

6.  „  Oxyantimonic  bases. 


Negative. 

Organic  arsenic 
acids,  oxychlo- 
rides,  and  chlo- 
rides. 

Organic  antimo- 
nic  acids. 


POSITIVE  COMPOUNDS 

1.  Caustic  Nitrogen  Bases. — 

General  formula   N(C,iH2„+i)^Ho. 

In  each  positive  radical  n  must  be  a  positive  integer.  The 
radicals  need  not  be  all  of  the  same  atomic  weight. 

Formation. — By  the  action  of  argentic  hydrate  upon  the 
iodides  of  the  compound  ammoniums : — 

NEtJ    +    AgHo    =    NEt.Ho    +  Agl. 

Tetrethylammo-        Argentic  Tetrethylammo-  Argentic 

nic  iodide.  hydrate.  nic  hydrate.  iodide. 

2.  Caustic  PJiosjpTiorus  Pases. 

3.  Caustic  Arsenic  Pases. 

4.  Caustic  Antimony  Pases. —  ' 

By  displacing  the  N  in  the  above  general  formula  and  in  the 
equation  by  P,  As,  and  Sb,  the  constitution  and  formation  of 
these  three  series  of  compounds  will  be  expressed. 

5.  Oxyarsenie  Pases.— Th^^Q  bodies,  which  are  diacid  bases, 
are  obtained  .by  the  slow  oxidation  of  the  tertiary  monar- 
sines : — 

As(CA,+i)3    +    0    ^  As(aH.,+i)30- 

Tertiary  monarsine.,  Oxyarsenie  base. 

p2 
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6.  Oxyantimonic  Bases. — These  are  formed  in  a  manner 
exactly  analogous  to  that  in  which  the  oxyarsenic  bases  are 
produced. 

NEVTUAL  COMPOVNDS. 
1.  Salts  of  Amines. 
General  formulae : — 

N(Qffi.+i)(C„.H,„.+,)3Cl. 
N/C„H2,,)"(0^H2j"2H2Cl2. 

N3(CA..o"'(c,A„._o"'AC]3. 

In  the  first  formula  m  may  =0  ;  in  the  second,  C  Jl^m  iiiay  be 
displaced  by  ;  and  in  the  third,  C„,Il9„,_i  may  be  substituted 
by  H3. 

Formation. — Like  the  analogous  compounds  of  ammonia,  the 
salts  of  the  amines  are  formed  by  the  direct  union  of  acids  with 
the  amines  without  elimination  of  water,  thus  : — 
NEtH^    +    HCl    =  NEtH3Cl. 

Ethylamine.         Hydrochloric  Ethylammonic 
acid.  chloride. 

The  haloid  salts  of  the  amines  may  also  be  produced  by  the 
union  of  the  haloid  ethers  of  the  monad  positive  radicals  with 
the  amines  (for  reaction  see  p.  192). 

Character. — The  salts  of  the  diamines  and  triamines  are  often 
found  to  contain  only  one  molecule  of  acid,  instead  of  two  or 
three  as  shown  in  the  above  general  formulae,  which  indicate  the 
composition  of  the  normal  salts.  The  nitrogen  atoms  are  in 
such  cases  united  together  by  one  of  the  bonds  of  each,  besides 
being  linked  by  the  polyad  radicals,  thus 

-(N3)^xaH,„.o''xa.Ho._o''yici. 

The  difference  between  these  two  classes  of  salts  will  be  ren- 
dered more  evident  by  a  comparison  of  the  following  graphic 
and  symbolic  formulae : — 


SALTS  OF  NITROGEN  BASES. 

Normal  Salts. 

CI^/H;         H^/C1  rNH3Cl 
N  Et"  N     or  N,H  W'Cl^or-^  Et"  . 

Ethylene-diammonic  dichloride. 

 Et"  N  Et"  N 

Diethylene-triammonic  trichloride. 

r'NH3Cl 

I  Et" 

or  N3H,Et"3C]3  or  <<  NH^Cl. 

I  Et" 
t  NH3CI 


Monacid  Salts, 
'   Et"  or  'N-,F,Efc"Cl  cr  |  ^^^^  Et". 

Ethylene-diammonic  monochloride. 

N  Et" —  Et"-  N 

Diethylene-triammonic  monochloride. 

or    5XN3)^'H3Et",Cl    or  ^  NH -^^j,^,,. 


NH.,cr 


Diacid  Salt. 


N  Et"  N  Et"  N 

H-^^H  II/'^H  H^^H 

Diethylene-triammonic  dichloride. 

or    "(N3)--H,Et",C],    or  J  NH^  ^In. 
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2.  Salts  of  Fliosjfiliines . 

3.  Salts  of  Ar sines. 

4.  Salts  of  Stibines. 

These  three  series  pf  salts  all  present  close  analogies  with  the 
salts  of  the  amines  both  in  constitution  and  in  the  mode  of  their 
formation.  The  mode  of  formation  of  several  of  them  is  shown 
at  pages  202  and  203. 

5.  Salts  of  Oxy arsenic  Bases, 

■  As(CA«+i)3Cl,. 

Formation. — By  the  action  of  acids  on  the  oxyarsenic  bases  : — 
AsMCgO    +    2HC1    =    AsMe3Cl.,    +  OH, 

Arsenic  Hydrochloric       Arsenic  trimetho-  Water, 

trimethoxide.  acid.  dichloride. 

6.  Salts  of  Oxyantimonio  Bases. 

These  resemble  the  previous  salts  in  formation  and  consti- 
tution. 


NEGATIVE  COMPOUNDS. 

1.  Organic  A7'seniG  Acids,  Oxy  chlorides,  and  Chlorides. 
The  following  are  the  principal  bodies  of  this  class : — 


Monomethylarsenic  acid   AsMeOHo^. 

Arsenic  oxydichlormethide   AsMeO  01^. 

Arsenic  tetrachlormethide    AsMeCl^ 

Cacodylic  acid   AsMe^OHo. 

Cacodylic  trichloride    AsMe^Clg. 
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2.  Organic  Antimonic  Acids. 

'^o  exploration  of  this  series  has  yet  been  made.  The 
members  of  it  will  doubtless  be  found  to  have  close  analogies 
with  the  corresponding  series  of  arsenic  compounds. 


CHAPTER  XXXI. 

ORG-AIIO-BOEON  AND  SILICOjS"  COMPOUI^DS. 

This  family  is  divided  into  the  two  following  classes 

1.  Organo-boron  compounds. 

2.  Organo -silicon  compounds. 


1.  OrganO'horon  compovMcls. 

These  compounds  contain  boron  directly  united  with  the 
carbon  of  monad  positive  radicals,  and  are  thus  distinguished 
from  organic  compounds  containing  boron,  as  seen  in  the  fol- 
lowing formulae  : — 


Organo-boron  comi)ouncI. 

H  H 


Organic  compound  containing  boron. 

H  H 


-B- 


-C- 
H 

H— 0— H 


-H 


-0- 
I 


.0~B— 0- 


-C- 

I 

H 


-H 


0 

I 

I  I 
H  H 

Boric  methide.  Methylic  borate. 

The  organo-boron  compounds  are  produced  by  the  replace- 
ment of  mefehoxyl  or  ethoxyl  in  methylic  or  ethylic  borate  by 
nionad  positive  radicals.  Hitherto  only  the  radicals  methyl 
and  ethyl  have  been  thus  combined  with  boron. 
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BORIC  METHIDE. 

B(CH3)3,  or  BMeg. 

Molecular  iveigTit  =56.  Molectdar  volume  !  I  I.  1  litre  ofhoric 
methide  gas  iveiglis  28  critJis.  Condenses  at  10°  under  a 
pressure  of  four  atmosplieres. 

Preparation. — By  adding  to  ethylic  borate  an  ethereal 
solution  of  zincic  methide,  when  boric  methide  is  evolved  as 
gas  :— 

2BEto3    -f    SZnMe^    =    2BMe3    +  SZnEto,. 

Ethylic  Zincic  Boric  Zincic 

[borate.  methide.  methide.  ethylate. 

Reactions. — 1.  Inflames  spontaneously  in  air  or  oxygen. 

2.  Combines  energetically  with  ammonia,  forming  ammonia- 
boric  methide : — 

NH3    +    BMOg    =  NH3,BMe3. 

Ammonia.  Boric  Ammonia-boric 

methide.  methide. 

3.  Boric  methide  combines  readily  with  potash,  soda,  lime, 
and  baryta,  forming  compounds  the  composition  of  which  is 
not  known  with  certainty. 


AMMONIA-BORIC  METHIDE. 

NH3,BMe3. 

Molecular  weight  =z7S.    Molecular  volume  {anomalous)  |— j—j. 

Fuses  at  56°.    JBoils  at  110°.    1  litre  of  ammonia-horic 
methide  vapour  weighs  IS'26  criths. 
Formed  as  above  described. 

Reactions. — 1.  Cupric  chloride  absorbs  ammonia  from  the 
vapour  of  ammonia-boric  methide,  reducing  the  volume  of  the 
vapour  to  one  half  and  leaving  boric  methide  gas  : — 

C(NH3,BMe3)    +  2CuCL   =   2CiiCl„6NH3   +  6BMe3. 

Ammonia-boric  Ammonia-cupric  Boric 

methide.  chloride.  methide. 


BORIC  ETHIDE. 
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2.  Ammonia-boric  methide  is  readily  decomposed  by  acids  ; 
even  carbonic  acid  decomposes  it.  "With  hydrochloric  acid  the 
reaction  is : — 


NH3,BMe3  -f 

Ammonia-boric 
methide. 


HCl 


NH.Cl 

Ammonic 
chloride. 


+  BMe3. 


Boric 
methide. 


BORIC  ETHIDE. 

B(C,H,)3  or  BEt,. 

Molecular  weigTit  =98.  Molecular  volume  [~]~|.  1  litre  of 
loric  ethide  vapour  weigTis  49  critJis.  Boils  at  95°  C. 
Sp.  gr.  of  liquid  '6961  at  23°. 

Preparation. — By  the  action  of  zincic  ethide  upon  ethylic 
borate : — 

'  2BEt03    +    SZnEtj    =    2BEt3    -|-  SZnEto,. 

Ethylic  Zincic  Boric  Zincic 

borate,  ethide.  ethide.  ethylate. 

Reactions. — 1.  Inflames  spontaneously  in  air,  and  explodes  in 
oxygen. 

2.  Allowed  to  oxidize  gradually,  boric  ethide  forms  boric 
etho-diethylate : — 

BEtg    +    O,    =  BEtEto,. 

3.  Heated  with  hydrochloric  acid  to  99°,  it  slowly  evolves 
ethylic  hydride,  and  is  converted  into  boric  dietho-chloride : — 

BEt3    +    HCl    =    BEt.Cl    +  EtH. 

Boric  Boric  dietho-  Ethylic 

ethide.  chloride.  hydride. 

4.  Boric  ethide  combines  very  energetically  with  ammoniacal 
gas,  forming  ammonia-boric  ethide  : — 

NH3    +    BEt3    =  NH3,BEt3. 

Ammonia.  Boric  Ammonia-boric 

ethide.  ethide. 
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BOEIC  ETHO-BIETHYLATE. 

BEtEto^. 

Boils  at  l^^"" 

I^reparation. — By  the  slow  action  of  oxygen  upon  boric 
ethide  as  above  described. 

Reaction. — In  contact  with  water  it  is  instantly  decomposed, 
forming  loric  etho-dihydrate  : — 

BEfcEto,    +    20H,    =    BEtHo^    +  2HEto. 

Boric  etho-  Water.  Boric  etho-  Alcohol. 

cUethylate.  dihydrate. 

AMMONIA-BOSIG  STHIDE. 
NH3,BEt3. 

Eormed  by  the  union  of  ammonia  gas  with  boric  ethide  as 
above  described. 

Beaction. — Decomposed  by  acids  but  not  by  carbonic  acid. 
With  hydrochloric  acid  the  reaction  is  as  follows  : — 

NH3,BEt3    +    HCi    =    NH.Cl    +  BEt3. 

Ammonia-borio  Ammonic  Boric 

ethide.  chloride.  ethide. 


2.  Organo-silicon  comj 

.  The  great  similarity  in  chemical  functions  between  carbon 
and  silicon  seems  to  justify  the  anticipation  that  a  great  number 
of  compounds  of  silicon  will  be  produced  analogous  in  consti- 
tution to  the  organic  compounds  of  carbon.  Already  several 
such  compounds  are  known,  as  for  instance : — 


Silico-compounds. 

Organic  analogues. 

SiH,. 

Silicic  hydride. 

Marsh  gas. 

SiHCl3. 

CHCI3. 

Silicon  chloroform. 

Chloroform. 

r  siHo 

rcHO 

0  . 

\o  . 

[SiHO 

[CHO 

Silicoformic 

Unknown 

anhydride. 

formic  anhydride. 

ORGANO-SILICON  COMPOUNDS. 


219, 


jFoUowing  tlie  analogy  of  organic  compounds,  the  substitution 
of  one  of  the  atoms  of  hydrogen  in  silicic  hydride  by  the 
hitherto  unknown  radical  silicon  methyl  (SiHg)  would  yield 
a  body  constituted  like  the  molecule  of  methyl  or  ethylic 
hydride, 

{lii; 

From  this,  silicoethylic  chloride  (Si^HgCl)  ought  to  be  ob- 
tained ;  and  then,  by  the  substitution  of  hydroxyl  for  chlorine, 
the  silicon- analogue  of  common  alcohol  (Si^H.Ho).  JSTone  of 
these  compounds  containing  silicon  directly  combined  with 
silicon  have  hitherto  been  formed ;  indeed,  unlike  the  tetrad 
elements,  carbon,  tin,  and  titanium,  silicon  appears  to  have  little 
tendency  to  form  such  compounds.  Amongst  the  host  of 
silicon  minerals  there  is  not  one  in  which  the  assumption  of 
the  existence  of  silicon  combined  directly  with  silicon  is  ad- 
missible. Disilicic  hexachloride  (Si^Clg)  has,  however,  been 
recently  formed. 

But,  although  these  true  silicon  analogues  of  the  more  com- 
plex organic  compounds  have  not  hitherto  been  obtained, 
yet  a  large  number  of  bodies  which  contain  silicon  atoms 
directly  combined  with  carbon  have  been  synthetically  pro- 
duced; and  many  of  these  substances  exhibit  interesting 
analogies  with  corresponding  compounds  containing  carbon  in 
the  place  of  silicon.  These  are  the  bodies  which  are  included 
in  the  class  of  organo-silicon  compounds.  The  following  Table; 
contains  the  names  and  constitutional  formulae  of  the  chief 
members  of  this  class,  together  with  those  of  their  derivatives, 
such  as  ethylic  silicate  (SiEto^),  which  do  not,  strictly  speaking, 
belong  to  it,  inasmuch  as  they  no  longer  contain  silicon  directly 
combined  with  carbon : — 

Name.  Formula.  Boiling- 

pomt. 

Silicic  methide    SiMe^  30'5 

_  "  r  SiMeo3 

Disjlicic  oxy-hexamethylate   ^  O  202 

 I  SiMeo3  . 
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Name.  Formula. 


o 


Silicic  methylate    SiMeo^  121 

Silicic  etHde   SiEt,  152-5 

Silicic  dimethylate  ethylate   SiMeo^EtOg  145 

Silicic  cUortrietbylate   SiClEtOg  156 

Silicic  dichloretliylate    SiCl^Eto^   

Silicic  ethylate   SiEfco^  166-5 

Silicic  triethylate  amylate    SiEtOgAyo  220 

rSiEtOg 

Disilicic  oxy-hexaetbylate  i  O  235 

i  SiEt03 
fSiEt3 

Disilicic  oxy-hexaethide  <  O  227 

lSiEt3 

Silicic  Lydrotriethylate    SiHEtOg  134 

Silicic  ethotriethylate    SiEtEtOg  158-5 

Snicic  dieth-ethylate    SiEt.Eto^  155-5 

Silicic  trieth-ethylate    SiEtgEto  153 

Silicic  dietho-chloretliylate   SiEt.OlEto  148 

Silicic  clilortriethide   SiEtgCl  143*5 

Silicic  dichlorethide   SiEt.Cl^  129 

Silicic  trichlorethide    SiEtClg   

Silicic  diethoxide   SiEt^O   

Siliconylic  cUoride  |  q^^j^qj  185 

{SiEt 

CMeHHo  -^^^ 

CO(SiC3H,30) 

rsiEto3 

Silicic  aceto-trietliylate  -!  O   

[C  OM 

Silicic  acetylate    SiCCOMe)^   

Silicopropionic  acid   |  gjQ jj^^   

Silicic    triethohydrate     {Triethyl-  f  gjj^|-  jj^  153*5 

silicol)   I  ^ 
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SILICIC  METHIDE. 

H 

H— C— E 


Si(CH3), 
or 
SiMe.. 


H 
I 

H— 0- 

I 

H 


-8i 


H— C— II 

I 

H 


H 


H 


Molecular  loeigJit  =88-5.    Molecular  volime  I  I  I.    1  litre  of 
silicic  methide  vapour  weighs  44!"25  critlis.    Boils  at  30°"5. 

Formation. — By  the  action  of  zincic  methide  upon  silicic 
chloride  at  a  temperature  of  from  120°  to  200°. 


SiCl, 

Silicic 
chloride. 


+  2ZnMe, 


SiMe,    +  2ZnCl,. 


Zincic 
mefchide. 


Silicic 
methide. 


Zincic 
chloride. 


SILICIC  ETHIDE. 
SiEt,. 

Molecular  weight  =144"5.    Molecular  volume  I  I  I.     1  litre  of 
silicic  ethide  vapour  iveighs  72*25  criths.    Soils  at  152°"5. 

Preparation. — By  the  substitution  of  zincic  ethide  for  zincic 
methide  in  the  reaction  last  described,  silicic  ethide  is  pro- 
duced. 

Meactions. — Treated  with  chlorine,  one  atom  of  hydrogen  is 
replaced  by  an  atom  of  chlorine,  and  siliconylic  chloride  is 
formed : — ; 

-  SiEt3(CMeHJ    +    CI,    =  {  |^*»hc1    +  ^Cl. 

Silicic  ethide.  Siliconylic  chloride. 
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At  the  same  time  a  portion  of  the  silicic  etMde  is  converted 
into  dichlorinated  silicic  ethide,  wliicli,  when  heated  with 
aqueous  alcohol  and  potassic  acetate,  yields  disilicic  oxyethide? 

r  SiEt3 
O  \ 
SiEt 


SILICIC  TEIETHOHYDEATE.  TriethjUilicol. 
SiEt3Ho. 

Molecular  weiglit  =132'5.  Molecular  volume  fTI'  lUtre  of 
the  vapour  weiglis  66"25  critlis.  Boils  at  153°'5.  gr. 
of  liquid -SlOd  at  Q>°. 

Preparation.  1.  By  digesting  silicic  triethoethylate  with 
water  at  200°  :— 

SiEtgEto    4-    OH^    =    SiEtgHo    +  OEtH. 

Silicic  Silicic  Alcohol, 

triethoethylate.  triethohydrate. 

2.  Ey  the  action  of  aqueous  ammonia  upon  silicic  chlor- 
triethide : — 

SiEtgCl   +   OH,   +   NH3   =   SiEt3Ho   +  NH.Cl. 

Silicic  Silicic 
chlortriethide.  triethohydrate. 

SILICOPROPIONIC  ACID. 

JCMeH, 
\  SiOHo- 

Preparation.- — 1.  This  acid,  which  contains  the  new  negative 
radical  SiOHo  (that  is  to  say,  oxatyl  in  which  carhon  is  re- 
placed hy  silicon),  is  prepared  from  silicic  chlortriethylate  by 
the  following  series  of  reactions : — 

1st.  Silicic  chlortriethylate  is  treated  with  zincic  ethide  and 
sodium,  and  thus  converted  into  silicic  ethotriethylate  by  the 
following  reaction : — 
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2SiClEt03    +    SiiEf:,    =    ZnCl,    +  2SiEtEto3. 

Silicic  Zincic  Silicic 

lilortriethylate.  ethide.  ethotriethylate. 

2nd;  Silicic  ethotriethylate,  whicli  is  a  colourless  liquid, 
siuelling  like  camphor  and  boiling  at  158°'5,  is  now  heated  with 
concentrated  solution  of  potassic  hydrate,  when  the  following 
change  takes  place  : — 

SiEtEtOg   +   KHo   +   OH,  =  SiEtOKo  +  SEtHo. 

Silicic  Potasaic  Alcohol, 

ethotriethylate.  silicopropionate. 

3rd.  Erom  the  potassium  salt,  silicopropionic  is  obtained  by 
the  addition  of  hydrochloric  acid. 

2.  By  heating  silicic  ethotriethylate  with  acetylic  chloride  to 
180°,  silicic  ethotrichloride  is  produced : — 

SiEtBto,   +  sjgH^i    =    SiEtCl3  + 

Silicic  Acet3'lic  Silicic  Ethylie 

ethotriethylate.  chloride.  ethotrichloride.  acetate. 

By  the  subsequent  action  of  water  upon  the  silicic  etho- 
trichloride, pure  silicopropionic  acid  is  obtained  as  a  white 
insoluble  powder  resembling  silica  : — 

SiEtClg    +    20H,    =    SiEtOHo    +  8HC1. 

Silicic     .  .  Silicopropionic 

ethotrichloride.  acid. 


CHAPTER  XXXIi: 

OEGANOMETALLIC  BODIES. 

This  term  is  applied  to  a  family  of  compounds  in  which  an 
organic  radical  is  united  directly  with  a  metal ;  and  it  serves 
to  distinguish  them  from  other  organic  compounds  containing 
metals,  in  which  the  metal  and  organic  radical  are  indirectly 
united  or  linked  to  each  other. 

Thus  zincic  ethide  is  an  organometallic  body,  while  zincic 
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ethylate  and  zlncic  succinate  are  organic  bodies  containing 
metals : — 

H   H         H  H 

Zincic  ethide...    ZnEfc,.         H— C— C--Zn~C— C— H 

II  II 
H   H         H  H 

Zincic  ethylate...  ZnEto^. 

H    H  H  H 

II  II 
H— C— C-0— Zn— 0— C— C— H 

II  II 
H   H  H  H 

H  0 

I  I! 

rco-,  H-C-C-0-. 
Zincic  succiiiafce  ...  <  OJI^  Zno '.  | 

[  CO  '  H— C— C— 0—- ^ 

H  O 

Many  organic  compounds  containing  metals  are  the  deriva- 
tives of  organometallic  bodies ;  thus  zincic  ethide  by  oxidation 
yields  zincic  ethylate — 

ZnEt^    +    0,    =  ZnEto,; 

Zincic  Zincic 
ethide.  ethylate. 

and  by  further  oxidation  zincic  ethylate  can  be  converted  into 
zincic  acetate — 

CMeH.r/    >,    ,    nn        CMeOry    <>    ,  onrr 
CMeH:^^^    +  20,  =  cMeO^^^    +  ^OH, 

Zincic  ethylate.  Zincic  acetate.  Water. 

Another  instance  of  the  derivation  of  organic  bodies  con- 
taining metals  from  organometallic  bodies  is  seen  in  the  for- 
mation of  potassic  propionate  by  the  action  of  potassic  ethide 
upon  carbonic  anhydride  : — 

CMeH,K    +    CO,  = 

Potassic  Carbonic  Potassic 

ethide.  anhydride.  propionate. 
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Formation  of  organometallic  bodies. 

Organometallic  bodies  are  produced  in  a  large  number  of 
reactions,  which,  however,  may  be  classed  under  the  following 
four  heads : — 

I.  By  the  union  of  monad  positive  radicals  in  statu  nascenti 
with  a  metal,  or  by  the  coalescence  of  a  metal  with  the  iodide 
of  a  monad  positive  radical. 

Thus,  when  zinc  and  ethylic  iodide  are  heated  together  to 
100°  in  closed  vessels,  zincic  ethide  is  formed  : — 


2EtI    +    Zn„    =    ZnEt,    +  Znl 


Ethylic 
iodide. 


Zincic 
ethide. 


2" 

Zincic 
iodide. 


Sometimes  light  may  be  employed  instead  of  heat  to  effect 
this  change,  as  in  the  case  of  the  organo-tin  compounds.  In 
the  formation  of  organo-mercury  compounds  by  this  method, 
light  is  indispensable  to  the  reaction  : — 

EtI    +    Hg    =  HgEtl. 


Ethylic 
iodide. 


Mercuric 
ethiodide. 


II.  By  the  action  of  the  respective  metals  alloyed  with  potas- 
sium or  sodium  upon  the  iodides  or,  in  rare  cases,  the  bromides 
of  the  monad  positive  radicals. 

By  this  process  there  is  less  tendency  to  form  compounds 
containing  both  positive  radicals  and  negative  elements.  Potas- 
sium or  sodium  compounds  are  never  produced  in  this  reaction, 
because  they  cannot  exist  in  the  presence  of  ethylic  iodide  or 
its  homologues.  This  process  is  well  adapted  for  the  formation 
of  arsenic,  antimony,  tin,  mercury,  lead,  bismuth,  and  tellurium 
compounds : — 

4EtI    +     SnlSTa,    =     SnEt,    +  4]N'aI. 


Ethylic 
iodide. 


Tin  sodium 
alloy. 


Stannic 
ethide. 


Sodic 
iodide. 


2EtI    +    HgNa,    =    HgEt,    +  2NaI. 


Ethylic 
iodide. 


Sodium 
amalgam. 


Mercuric 
ethide. 


Sodi 
iodide. 
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2C,,H,Br    +    HgNa,    =    Hg(C,,H,),    +  2]SraBr. 

Naphfchylic  Sodium  Mercuric  Sodic 

bromide  (bromo-  amalgam.  naphthide.  bromide, 

naphthaline). 

III.  By  tlie  action  of  the  zinc  compounds  of  the  monad 
positive  radicals  upon  the  haloid  compounds,  either  of  the 
metals  themselves,  or  of  their  organo-  derivatives. 

Por  the  production  of  organometallic  bodies  containing  less 
positive  metals  than  zinc,  this  method  is  generally  the  most 
convenient,  and  is  of  most  universal  application.  Compounds 
containing  mercury,  tin,  lead,  antimony,  and  arsenic  have  been 
thus  produced  ;  but  the  process  has  failed  when  applied  to  the 
haloid  compounds  of  copper,  silver,  platinum,  and  iron ;  for, 
although  these  bodies  are  violently  acted  upon,  the  organic 
radicals  do  not  unite  with  the  metal : — 

SnCl,    +    ZnEt^    =    SnEt.Cl,    +  ZnCl,. 

stannic  Zincic  Stannic  dichlor-  Zincic 

chloride.  ethide.  ethide.  chloride. 

SnCl,    +    2ZnEt,    =    SnEt,    +  2ZnCl,. 

Stannic  Zincic  Stannic  Zincic 

chloride.  ethide.  ethide.  chloride. 

2HgEtI    +    ZnEt^    =    2HgEt,    +  Znl^. 

Mercuric  Zincic  Mercuric  Zincic 

ethiodide.  ethide.  ethide.  iodide. 

TV.  By  the  displacement  of  a  metal  in  an  organometallic 
compound  by  another  and  more  positive  metal. 

This  method  has  been  successfully  employed  for  the  forma- 
tion of  the  organo-  compounds  of  potassium,  sodium,  lithium, 
aluminium,  and  zinc.  In  the  first  three  cases  the  reaction  takes 
place  at  ordinary  temperatures,  some  of  the  original  compound 
entering  into  the  composition  of  the  resulting  organometallic 
body  : — 

SZnEt,    +    Na^  =    2ZnNaEt3    +  Zn. 

Zincic  Sodic  zincic 

ethide.  ethide. 

3HgEt,    +    Al,    =    'Ar'^Etg     +  3Hg. 

Mercuric  Aluminic 
ethide.  ethide. 

HgAy,     +    Zn    =    ZnAy,       +  Hg. 

Mercuric  Zincic 
amylide.  amylide. 


REACTIONS  OF  ORGANOMETALLIC  BODIES. 


227 


Beactions  of  organometallic  bodies. 

1.  The  most  interesting  reaction  of  the  organo-  compounds 
of  the  monad  metals  is  their  transformation  into  salts  of  normal 
fatty  acids  by  the  action  of  carbonic  anhydride  (see  p.  118). 

2.  The  organo-  compounds  of  potassium  and  sodium  decompose 
the  iodides  of  the  monad  positive  radicals  in  the  cold,  forming 
hydrides  and  dyad  radicals : — 

C,H,Na    +    C,H,I    =    Nal    +    C,H,H    +  C,H,. 

Sodic  Ethylic  Bodic  Ethylic  .  Ethylene, 

ethide.  iodide.  iodide.  hydride. 

3.  The  organo-  compounds  of  zinc  are  decomposed  by  water, 
with  formation  of  tbe  hydrides  of  the  radicals  : — 

ZnEt,    +    20H,    =    ZnHo^    +  2EtH. 

Zincic  Water.  Zincic  Ethylic 

ethide.  hydrate.  hydride. 

4.  By  the  slow  action  of  dry  oxygen,  they  pass  tbrougb  two 
stages  of  oxidation : — 

ZnEt,    +    O    =  ZnEtEto; 

Zincic  Zincic  etho- 

ethide.  ethylate. 

ZnEtEto    +    O    =  ZnEto^. 

Zincic  etho-  Zincic 
ethylate.  ethylate. 

5.  Monad  negative  elements,  such  as  iodine,  remove  succes- 
sively the  two  atoms  of  ethyl : — 

ZnEt^    +         =    ZnEtl    +    EtI : 

Zincic  Zincic  Ethylic 

ethide.  ethiodide.  iodide. 

ZnEtl   +  =    Znl,      +  EtI. 

Zincic  Zincic  Ethylic 

ethiodide.  iodide.  iodide. 

6.  The  organo-zinc  compounds  are  extremely  useful  for  the 
displacement  of  chlorine  or  its  analogues  by  ethyl  or  its  homo- 
logues : — 

2PCI3     +    SZnEt^    =    2PEt3    +  SZnCl^. 

Phosphorous  Zincic  Triethyl-  Zincic 

trichloride.  ethide.  phosphine.  chloride. 
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SiCl, 

Silicic 
chloride. 


+    2ZnEt,  = 


Zineic 
ethide. 


SiEt,    +  2ZnCl, 

Silicic  Zincic 
ethide.  chloride. 


O 

Chlorether. 


4-  ZnEt, 


Zincic 
ethide. 


O 

C,H.C1 

Ethylo- 
chlorether. 


+  ZnCL 


Zincic 
chloride. 


'C,H,Et 
0 

Ethylo- 
chlorether. 


+  ZnEt, 


Zincic 
ethide. 


fC,H,Bt 

Diethylated 
ethylic  ether. 


+  ZnCl. 


Zincic 
chloride. 


Diethylated  ethylic  ether  is  isomeric  with  butylic  ether,  and 
contains  the  radical  methylo-ethylated  methyl  (see  p.  8). 
By  oxidation  it  would  .doubtless  give  methylated  acetone 
(p.  187). 

7.  Oxygen  may  also  be  displaced  in  a  similar  manner. 
Thus  :— 


2'N",0,  +  ZnEt, 


N.OEt-O- 


N.OEt-0- 


Zn"  or 


N,EtO 


Zno", 


Nitric 
oxide. 


Zincic 
ethide. 


Zincic  dinitro-ethylate. 


This  compound  is  analogous  to  zincic  propionate,  the  latter 
containing  two  atoms  of  tetrad  carbon  in  the  place  of  the  two 
tetrad  pairs  of  nitrogen  atoms  : — 


COEt-O — 1  cEtO 
Zincic  propionate  ...  Zn"    or  ^m-^^r^Zno". 


8.  An  analogous  reaction  is  observed  with  sulpliurous  anhy- 
dride : — 


2S0,    +  ZnMe, 


Sulphurous 
anhydride. 


Zincic 
methide. 


SOMe-On 

Zn' 
SOMe-OJ 

Zincic  methyldithionate. 


SMeO„  „ 
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9.  When  ethylic  borate  is  acted  upon  by  zincic  metbide,  tbe 
ethoxyl  becomes  replaced  by  methyl : — 

BEtOg    +    SZnMe^    =    BMe^    +  SZnMeEto. 

Ethylic  Zincic  Boric  Zincic  methide 

borate  methide.  methide.  ethylate. 

10.  When  ethylic  oxalate  is  heated  with  zincic  ethide,  and 
water  afterwards  added,  ethylic  diethoxalate  is  formed : — 

{  §OEto+  2="^'^+  20H.=  {  S°  +  ZnHo,  +  EtHo. 

Ethylic  Zincic         Water,  Ethylic  Zincic  Alcohol, 

oxalate.         ethide.  diethoxalate.  hydrate. 

11.  By  the  action  of  ammonia,  or  of  certain  amines  and 
amides,  zincic  ethide  exchanges  its  zinc  for  hydrogen ; — 

ZnEt^    +    2NH3'  =    ZnAd,    +  2EtH. 

Zincic  Ammonia.  Zincic  amide.  Ethylic 

ethide.  hydride. 

12.  The  organo-zinc  compounds,  by  losing  one  semimolecule 
of  their  organic  radical,  become  monad  radicals,  as  shown  by 
the  following  formulae  : — 

Methyloziucic  dinitrome- 1  ,jj„  qj^j^  ^  .^^jj  . 
thy  late  J 

Ethylozincic  dinitroethy- 1  'n"  OEt-O-(ZnEt). 

late   J 

Ethylic  ethylo-zincic  di-  f  CBt^-O^ZnEt) 
ethoxalate   1  COEto 

13.  Mercuric  ethide,  when  treated  with  bromine,  loses  one- 
half  of  its  ethyl,  which  is  displaced  by  the  negative  element ; — 

HgEt,    +    Br^    =    HgEtBr    +  EtBr. 

Mercuric  Mercuric  Ethylic 

ethide.  ethobromide.  bromide. 

14.  Mercuric  methide,  when  submitted  to  the  action  of  mer- 
curic iodide,  yields  mercuric  methiodide  : — 

HgMe,    +    Hgl^    =  2HgMeI. 

Mercuric  Mercuric  Merciric 

methide.  iodide.  methiodide. 
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The  hydrates  corresponding  to  the  mercuric  ethobromide  and 
methiodide  have  been  produced.  They,  are  powerful  caustic 
bases,  of  the  formulae 

HgEtHo  and  HgMeHo. 

Mercuric  Mercuric 
ethohydrate.  methohyqrate. 

15.  The  org ano -stannous  compounds;  unite  directly  with 
negative  elements,  passing  into  stannic  bodies  : — 

SnEt,    +         =  SnEtJ,. 

Stannous  Stannic 
ethide.  iododiethide. 

16.  ilypostannic  organo-  compounds  undergo  a  similar  trans- 
formation : — 

'Sti"'^%    +    I,  *=  2SnEt3l: 

Hypostannic  Stannic 
ethide.  iodotriethide. 

SnEt3l    +  =    SnEtJ,    +  EtI. 

Stannic  Stannic  Ethylic 

iodotriethide.  iododiethide.  iodide. 

17.  Hypostannic  ethodiniodide  is  formed  by  the  action  of 
iodine  upon  stannic  ethodimethide : — 

2SnEt,Me,    -\-    \    =    'Sn"'^EtJ,    +  4MeL 


2 

ethodimethide.  ethodiniodide,  iodi( 


Hypostannic  iMetnyii 
■  ^  de. 


18.  Stmmic  ethide,  when  treated  with  hydrocliloric  acid, 
yields  stannic  chlorotriethide  and  ethylic  hydride : — 

SnEt,    +    HCl    =    SnEtgCl    +  EtH. 

Stannic         Hydrochloric  Stannic  Ethylic 

etliide.  acid.  chlorotriethide.  hydride. 

The  oxide  and  hydrate  corresponding  to  the  stannic  chloro- 
triethide are  known  ;  their  formulae  are  : — 

r  SnEt3 

Oxide  ...^  O       ;  Hydrate...  SnEtgHo. 
iSnEt3 

These  compounds,  and  the  salts  wbich  they  form,  correspond 
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in  composition,  constitution,  and,  to  a  certain  extent,  in  pro- 
perties, with  the  compounds  of  methyl : — 

Alcohol.         Haloid  ether.  Ether. 

Methylic   CH3H0.       CH3CI.      <0  .; 

r  SnEt, 

Stanntriethylic         SnEtgHo.     SnEtgCl.   ^  O 

lSnEt3 

19.  Stannic  chlorodiethide  is  readily  reduced  to  stannous 
ethide  by  the  action  of  zinc : — 

SnEt^Cl,    +    Zn    =    SnEt,    +  ZnCl,. 

Stannic  Stannous  Zincic 

chlorodiethide.  ethide.  chloride. 

20.  Ferplumlic  ethide  resembles  stannic  ethide  in  its  re- 
actions :  thus  with  hydrochloric  acid  it  yields  perplumbic 
chlorotriethide  and  ethylic  hydride  : — 

PbEt,    +    HCl    =    PbEt3Cl    +  EtH. 

Perplumbic         Hydrochlo-  Perplumbic  Ethylic 

ethide.  ric  acid.  chlorotriethide.  hydride. 

21.  Perplumhic  triethohydrate  (PbEtgllo)  is  a  powerful  base, 
forming  salts  with  acids. 

22.  The  organo-tellurium  compounds  form  oxides  and  salts. 
The  following  are  the  formulae  of  tellurium  ethide  and  some  of 
its  compounds : — 

Tellurium  ethide    TeEt^. 

Tellurous  diethoxide   TeEt^O. 

Tellurous  diethiodide    TeEtJ^- 

Tellurous  diethosulphate   TeEt,(S^iOJ". 

Constitution  of  Organometallic  Bodies. 
The  organometallic  compounds  are  constituted  on  the  types  of 
the  metals  they  contain.  It  was,  in  fact,  the  study  of  these 
bodies  which  first  led  to  the  doctrine  of  the  atomicity  of 
elements.  They  afford  striking  examples  of  monad,  dyad,  triad, 
tetrad,  pentad,  and  hexad  types. 
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The  organic  derivatives  of  the  monad  metals  are  formed  on 
the  type  of  potassic  chloride  (KCl)  :— 

H  H 

I  I 

K— CI  K— C— C— H 

II 
H  H 

Potassic  chloride.  Potassic  etliide. 

The  organo-zinc,  cadmium,  magnesium,  and  mercury  com-. 

pounds  are  formed  upon  the  type  of  zincic  chloride  (ZnClJ  : — 

H  H         H  H  ' 

II  II 
CI— Zn— CI  H— C— C— Zn— C— C— H 

II  I.  I 

H  H         H   H  . 

Zincic  chloride.  Zincic  etliide. 

H  H 

.    i_Hg— C— C— H 

II 
H  H 

.  Mercuric  iodethide. 

The  organo-aluminic  compounds  are  formed  upon  the  type 
of  aluminic  chloride  ('Ar"2Cl6)  :— 

H  H 


H— C— H   H— C— H 


CI    CI  H 

I      I  I 
CI— Al— Al— CI  H— C- 

I      I  I 
CI    CI  H 


-Al- 


-Al- 


H 

I 

-C— H 

I 

H 


H— C— H   H— C— H 


H  H 

Aluminic  chloride.  Aluminic  methide. 

The  organo-tin  compounds  are  formed  upon  the  three  types 
"Sn"Cl2,  'Sn"'2Cl6,  and  SnCl^, — the  first  resembling  the  zincic 
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chloride  type,  and  the  second  the  aluminic  chloride  type  (see 
p.  232)  :— 

CI  Et.  Et  Et 

I  I  I  I 

Cl_Sn— Gl     Et— Sn— I     Et— Sn— Et     Et— Sn— Et 

•    CI  I  Et  i 

stannic  chloride.     Stannic  iododiethide.     Stannic  ethide.     Stannic  iodotriethide. 

Et  Et  Et 

■.        I  II 

Et— Sn— 0— H  Et— Sn— 0— Sn— Et 

Et  .  Et       ,  Et 

stannic  triethohydrate.  Distannic  hexethoiide. 

The  inorganic  types  of  the  organo-tellurium  series  are  TeCl2 
and  TeO^:— 

CI— Te— CI  0=Te=0 

Tellurium  chloride.  Tellurous  oiide. 

,Et      L  /Et 


Et— Te— Et       0=Te:_        _  :Te;^. 


\Et      1/  \Et 


Tellurium  ethide.      Tellurous  diethoxide.  Tellurous 

diethiodide. 

The  organo-arsenic,  antimony,  and  bismuth  compounds  are 
derived  from  the  types  'As".^S"^,  AsClg,  AsOHOg,  SbClg,  SbCl^, 
BiClg,  and  BiO^Ho  (see  pp.  204,.  211,  and  214)  :— 

0  0 

II  II 
H— 0— As— 0— H         H— O— As— 0— H 

1  I 
O        .  Me 

I 

H  . 

Arsenic  acid.  .  Monomethylarsenic  acid. 

0  o 

II  II 

Me— As— 0— H  Me— As— Me 

1  ■  i 
Me  Me 

Cacodylic  acid.  Arsenic  oxytrimethide. 
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The  effect  of.tlie  substitution  of  positive  for  negative  radicals 
in  compounds  is  strikingly  exhibited  in  the  case  of  arsenic  acid, 
ASOHO3,  as  illustrated  in  the  above  graphic  representations. 
By  the  substitution  of  one  semimolecule  of  methyl  for  hydroxyl, 
a  vi^ell-defined  acid  (less  negative,  however,  than  arsenic  acid) 
is  produced,  monomethylarsenic  acid,  AsOMeHOg.  By  the 
replacement  of  a  second  semimolecule  of  hydroxyl  by  method, 
a  very  feeble  acid,  cacodylic  acid,  AsOMe^Ho,  is  obtained. 
By  the  replacement  of  the  third  semimolecule  of  hydroxyl 
by  methyl,  the  acid  properties  are  completely  destroyed,  a 
feeble  base,  the  arsenic  oxytrimethide,  being  formed,  AsOMOg. 
Finally,  by  the  substitution  of  methyl  and  hydroxyl  for  the 
remaining  atom  of  oxygen  there  is  produced  a  powerful  base, 
tetramethylarsenic  hydrate,  AsMe^Ho. 

The  following  is  a  list  of  the  principal  organometallic 
bodies  at  present  known  : — 


I.  Organo-  compounds  containing  monad  metals  : — 


Potassio-zincic  methide   KMe,ZnMe^. 

Potassio-zincic  ethide    KEtjZnEt^. 

Sodio-zincic  ethide   ]N'aEt,ZnEt2. 

Lithio-zincic  ethide    LiEtjZnEt^. 

Lithio-mercuric  ethide    LiEtjHgEt^. 


II.  Organo-  compounds  containing  dyad  metals : — 

Magnesic  ethide   MgEt,^. 

Zincic  methide    ZnMe^. 

Zincic  ethide    ZnEt2. 

Zincic  amylide    ZnAy^. 

Mercuric  methide    HgMe^. 

Mercuric  ethide   HgEt^. 

Mercuric  methiodide   HgMel. 

Mercuric  ethonitrate   HgEt(N^03). 

Stannous  ethide    "Sn"Et,. 


Tellurium  methide   TeMe^. 
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III.  Organo-  compounds  containing  triad  metals : — 

These  compounds  belong  to  tlie  llth  family  of  organic 
bodies,  and  have  been  treated  of  at  p.  202. 

TV.  Organo-  compounds  of  tetrad  metals  : — 


Stannic  methide   Sn'Me^. 

Stannic  iodotrimethide    SnMOgl. 

Stannic  iododimethide    SnMe2l2. 

Hypostannic  ethide    'Sn'"2Etg. 

Stannic  ethylodimethide    SnEt^Me^. 

Stannic  plienyl-triethide    SnPhEtg. 

Stannic  ethophenyl-dichloride  ,   SnPhEtCl^. 

Hypostannic  ethodiiodide   'Sii"'2Et4l,. 

Perplumbic  ethide    PbEt^. 

Perplumbic  chlorotriethide    PbEtgCl. 


y.  Organo-  compounds  of  pentad  metals  : — 

These  bodies  belong  to  the  llth  family  of  organic  com- 
pounds, and  have  been  already  treated  of  at  pp.  211  and  21-1. 
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Acetamide,  206. 

Acetic  series  of  acids,  114. 

„     series  of  acids,  relations  of,  to 
acrylic  series,  132.; 

„     series  of  acids,  relations  of,  to 
lactic  series,  142. 
Acetic  series,  relations  of  succinic 

series  to,  162.] 
Acetone,  187. 

diethylated,  187. 
,,       dimethylated,  187. 

ethylated,  186. 
„       methylated,  187. 
Acetyl,  25. 
Acetylene,  21. 

„       series  of  radicals,  21. 
Acetylic  chloride,  125. 

nitride,  210. 
Acetylide  of  copper,  23. 
Acid,  acetic,  123. 

„    aceto-lactic,  135,  137. 

„    acetonic,  150. 

„    aconitic,  178. 

„    acrylic,  81,  111,  133. 

,,    adipic,  160. 

,,    alizaric,  177. 

„    alpha-cymic,  155. 

,,    alpha-toluylic,  155. 

,,    alpha-xylic,  155. 

,,    amidocaproic,  150. 

„    amidodinitrophenylic,  69. 

,,    anchoic,  160. 

„    angelic,  130. 

„    anisic,  156. 

„    anthraflavic,  177. 

,,    anthraquinonic,  176. 

„    aposorbic,  84. 

„    arachidic,  116. 

,,    atropic,  156. 

,,    behenic,  116. 

„  benzenic,.155. 

„    benzoic,  155,  157,  180. 

,,    brassic,  130. 

„    bromotricarballylic,  178. 


Acid,  bromphenylic,  69. 

„  butyric,  126. 

„  cacodylic,  205,  214,  233,  234. 

,,  capric,  116. 

„  caproic,  115. 

,,  caprylic,  115. 

„  carbolic,  67. 

„  carbomethylic,  144. 

„  cerotic,  116. 

„  chloropropionic,  147. 

,,  cimicic,  130. 

,,  cinnamic,  155. 

,,  citraconic,  166. 

,,  citric,  178. 

,,  coUinic,  155. 

„  convolvulinoleic,  151. 

„  cresotic,  156. 

„*  crotonic,  130. 

,,  /3  crotonic,  131. 

,,  cuminic,  155. 

,,  cyanic,  32. 

,,  cyanuric,  32. 

,,  damaluric,  130. 

,,  damolic,  130. 

„  desoxalic,  179. 

,,  dextrotartaric,  173. 

„  diamylacetic,  129. 

,,  dibromosuccinic,  168. 

„  dichloracetic,  124. 

,,  dichlorphenylic,  69. 

,,  diethacetic,  129. 

„  diethoxalic,  138. 

„  dimethacetic,  128. 

„  dimethoxalic,  138,  150. 

,,  dmitrophenylic,  69. 

„  disulphanthraquinonic,  176. 

„  doeglic,  130. 

„  elaidic,  130. 

„  erucic,  130, 

„  erythric,  76. 

„  ethacetic,  126. 

,,  ethomethoxalic,  138. 

„  ethylcrotonic,  131. 
ethylgly  collie,  150. 
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Acid,  ethyl-lactic,  137. 

,,  formic,  121, 

,,  fulminuric,  32. 

,,  fumaric,  166. 

„  gaidic,  130, 

„  gallic,  157. 

„  glyceric,  80,  152, 

,,  glycollamic,  157. 

„  glycollic,  71,  91,  136. 

,,  glycomalic,  173. 

,,  glyosalic,  151. 

,,  glyoxylic,  152. 

,,  hemimellitic,  180. 

,,  hexahydrophthalic,  175. 

„  hippuric,  157. 

„  homolactic,  145. 

,,  homotartaric,  173. 

,,  hyajnasic,  116, 

,,  hydrocyanic,  27,  49. 

„  hydro ferrocyanic,  31. 

,,  hypogseic,  130. 

,,  isobutyric,  128, 

„  isochloropropionic,  149. 

„  isodibromosuccinic,  168. 

,,  isomaleic,  166, 

„  isophthalic,  180. 

,,  isopropacetic,  115,  127. 

,,  isosuccinic,  166. 

,,  itaconic,  166. 

„  itatartaric,  171. 

,,  jalapinoleic,  151. 

„  lactamic,  109,  147. 

„  lactic,  109,  143,  147,  148. 

„  Isevotartaric,  174. 

,,  lauric,  116. 

„  lecanoric,  76. 

„  leucic,  136. 

„  maleic,  166. 

„  malic,  164,  172. 

„  malonic,  148, 160. 

,,  mannitic,  84. 

„  margaric,  116. 

,,  melissic,  116. 

„  mellitic,  179. 

„  raellophanic,  180. 

„  mesaconic,  166. 

,,  metagallic,  83. 

„  metatartaric,  174. 

„  methacetic,  125, 

„  methacrylic,  131, 

„  metbethacetic,  127. 

,,  methylcrotonic,  131. 

„  methylglycollic,  137,  145. 

„  methyl-lactic,  135. 


Acid,  monochloracetic,  124. 

,,  monomethylarsenic,  214,  233 
234. 

,,  moringic,  130. 

,,  mucic,  84. 

,,  myristic,  116. 

„  nitropheiiylic,  69, 

„  cenanthylic,  115. 

„  oleic,  134. 

,,  orsellinic,  76. 

„  oxalic,  34. 

„  oxamie,  35. 

„  oxybutyric,  136. 

,,  oxymethyl-phenylformic,  156 

,,  palmitic,  116. 

„  paralactic,  139,  145. 

,,  paraleucic,  139. 

,,  paraphloretic,  156. 

,,  pelargonic,  115 

„  perchlorphenylic,  69. 

,,  phenoic,  155. 

,,  phenomalic,  81. 

„  phenylic,  68. 

„  phthalic,  180. 

„  physetoleic,  130. 

„  picramic,  69. 

picric,  69. 

„  pimelic,  160. 

„  prehnitic,  180. 

„  propionic,  125. 

,,  propylacetic,  127. 

„  pyroitauric,  171. 

„  pyromellitic,  179,  180. 

,,  pyrotartaric,  160,  171. 

„  pyroterebic,  130. 

„  pyruvic,  151. 

,,  racemic,  174. 

,,  ricinoleic,  151. 

„  roccellic,  160. 

„  saccharic,  84. 

,,  salicylic,  156. 

„  sebacic,  160. 

,,  silicopropionic,  220. 

,,  stearic,  116. 

,,  suberic,  160. 

,,  succinethylic,  189. 

,,  succinic,  163, 

,,  sulphamylic,  88, 

,,  sulphomethylic,  87,  99. 

,,  salphovinic,  88. 

,,  tannic,  158, 

„  tartaric,  83,  173. 

,,  tartaric  (inactive),  174. 

,,  tartronic,  80,  172. 
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Acid,  tartrophthalic,  176, 

terephthalic,  180. 

tetrahydrophthalic,  176. 
„     thy  m  otic,  156. 
„     toluylic,  155. 
„     tricarballylic,  177,  178. 
„     trichloracetic,  124. 
„     trichlorpheiiylic,  69. 
„     trimellitic,  180. 

trimesic,  180. 
„     trimethacetic,  129. 
„     trinitro-orcinic,  76. 

trinitrophenylic,  69. 
„    valerianic,  126. 
,„    valeric,  126. 

valeric  (isomeric  forms),  126. 
„     valerolactic,  136. 
„    xylic,  155. 
Acids,  acetic  or  fatty  ?eries  of,  114. 
„     acetoid  series  of,  159. 
,,     acrylic  series  of,  130. 
,,     benzoic  or  aromatic  series  of, 
153. 

„     classification  of,  113. 
„     derivation  of,  from  alcohols, 
113. 

„  '  dibasic,  158. 

„     dibasic,  formation  of,  158. 

,,     dibasic,  reactions  of,  158. 

„     dibasic,  fumaric  or  acryloid 

series  of,  166. 
,,     dibasic,  other  series  of,  175.  . 
„     dibasic,   succinic  or  acetoid 

series  of,  159. 
„  ^  dibasic,  tartaric  or  glyoxyloid 

series  of,  173. 
„     fumaric  or  acryloid  series  of, 

166. 

,,     glyoxylic  series  of,  152. 
,,     hexabasic,  179. 
,,     lactic  series  of,  134. 
„     lactic  series  of,  classification 
of,  135. 

,,     lactic  series  of,  definition  of, 
134. 

,,     lactic  series  of,  relations  to 

acetic  series,  142. 
„     lactic  series  of,  relations  to 

acrylic  series,  142. 
„     law  of  basicity  of,  113. 
„     malic  or  lactoid  series  of,  172. 
,,     monobasic,  113. 
„     normal  fatty,  ascent  of  the 

series,  121. 


Acids,  normal  fatty,  formation  of, 
117. 

„  normal  fatty,  relations  of,  to 
CraH2w+iHo  alcohols,  120. 

„  normal  fatty,  relations  of,  to 
C«H2w+i  radicals,  119. 

,,  normal  fatty,  relations  of,  to 
each  other,  121. 

„     normal,  of  acetic  series,  115. 

„     normal,  of  acrylic  series,  130. 

„  normal,  of  acrylic  series,  for- 
mation of,  131. 

„  normal  of  fatty  series,  forma- 
tion of,  117. 

„  normal,  of  fatty  series,  occur- 
rence of,  116. 

, ,  nor mal ,  of  lactic  series ,  f orma- 
tion  of,  141. 

„  of  acrylic  series,  relations  of, 
to  acetic  series,  132. 

,,  of  lactic  series,  isomerism  of, 
143. 

,,     olefine,  of  acrylic  series,  131. 

,,  olefine,  of  acrylic  series,  for- 
mation of,  132. 

„  olefine,  of  lactic  series,  forma- 
tion of,  141. 

„     oleic  series  of,  130. 

,,     organic,  112, 

„     pyruvic  series  of,  151, 

„     secondary  fatty,  128, 

„  secondary,  of  acrylic  series, 
131. 

,,  secondary,  of  acrylic  series, 
formation  of,  131. 

„     secondary  of  lactic  series, 
137. 

„  secondary,  of  lactic  series,  for- 
mation of,  141. 

„     succinic  series  of,  159. 

„  succinic  series  of,  relations  to 
acetic  series,  162, 

„  succinic  series  of,  relations  to 
dyad  radicals,  161, 

,,  succinic  series  of,  relations  to 
lactic  series  and  to  glvcols, 
161, 

„     tertiary  fatty,  129, 
„     tetrabasic,  179. 
,,     tribasic,  177, 

,,     tribasic,  aconitic  or  acryloid 

series,  177. 
, ,    tribasic,  citric  or  lactoid  series, 

178. 
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Acids,  tribasic,  tricarballylic  or  ace- 

toid  series,  177. 
Acridine,  200. 
Acrolein,  80,  110. 
Acryl,  25. 

Acrylic  series  of  acids,  130. 

Acrylic  series  of  acids,  relations  of, 

to  lactic  series,  142. 
Acryloid  or  fumaric  series  of  acids, 
166. 

„     series  of  acids,  isomerism 
in,  166. 
Alanin,  109,  147.  ^ 
Alcohol,  allylic,  65. 

amylic,  52,  60. 
„       benzylic,  67. 

butylic,  52,  59. 

caproylic,  52. 
,,       caprylic,  53. 
„       cerotic,  53. 
„       cetylic,  53. 
„       cresylic,  67,  70. 
,,       cumylic,  67. 
„       decatylic,  53. 
„       dimethylphenylic,  67. 
„       ethylenic,  71. 

ethylic,  52,  57- 
„       heptylic,  53. 
„       hexylic,  52. 
„       isamylic,  52. 
„      isobutylic,  52. 

isopropylic,  60. 
„       melissic,  53. 
„      methylic,  52,  56. 
„       nonylic,  53. 
,,       octylic,  53. 
„       oenanthylic,  53. 
„       pentabydric,  84. 
„       pentylic,  52. 
„       phenylic,  tertiary,  67,  68. 
„       pbenylic,  substitution  pro- 
ducts of,  69. 

propylic,  52,  59,  62. 
,,       pseudamylic,  52. 
„       pseudobutylic,  62. 
,,       pseudohexylic,  60. 
„       stanntriethylic,  231. 
„       sulphur,  59. 

sycocerylic,  67. 
„       tetrahydric,  83. 
„       tetrylic,  52. 
„       thymylic,  67. 

vinylic,  64. 
„      xylylic,  67. 


Alcoholates,  58. 
Alcohols,  49. 

„       dihydric,  51. 

„        dihydric,  glycol  series,  70. 

,5        dihydric,  orcin  series,  74. 

„        monohydric,  50,  52. 

„        monohydric,  methyl  series, 
52. 

„        monohydric,  methyl  series, 

normal,  52. 
„        monohydric,  methyl  series, 

secondary,  52,  60. 
„        monohydric,  methyl  series, 

tertiary,  52,  62. 
, ,        monohydric,  phenyl  series , 

66. 

„        monohydric,  phenyl  series, 

normal,  66,  67. 
„        monohydric,  phenyl  series, 

tertiary,  67. 
„        monohydric,  vinyl  series, 

63. 

„        polyhydric,  83. 
„        relations  of,  53. 
,,        relations  of,  to  fatty  acids, 
120. 

„        secondary,    oxidation  of, 
62. 

„        trihydric,  51. 
„        trihydric,  glycerin  series, 
77. 

„        trihydric,  pyrogallic  series, 
81. 

Aldehyde,  acetic,  108. 
,,  acrylic,  110. 
„       benzoic.  111. 

butyric,  108. 
,,       capric,  108. 

cuminic.  111. 
,,       euodic,  108. 
„       formic,  108. 
,,       lauric,  108. 
,,       oenanthic,  108. 
,,       palmitic,  108. 
,,       propionic,  108. 
„       salicylic,  156. 
,,       valeric,  108. 
Aldehydes,  105. 

„        definition  of,  105. 
derived  from  the 
C,(H>„+iHo  alcohols, 
108. 

„        from  the  C„H2,j_iHo  al- 
cohols, 110. 
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Aldehydes  from  the  CnH-zn-'j^o  al- 
cohols, 111. 
„         preparation  of,  105. 
,,        reactions  of,  107. 
Alizarin,  176. 
Alkalamides,  209. 

„  constitution  of,  209. 

Alkaloids,  artificial,  191. 

from  cinchona,  201. 
,,       from  nightshade,  202. 
„       from  nux  vomica,  202. 
„       from  opium,  201. 
,,       from  tea,  colFee,  and  cocoa, 
202. 

„       from  tobacco,  202. 
„       the  natural,  201. 
AUyl,  13. 
Allylamine,  192. 
Allylene,  21. 
AUylic  iodide,  79,  94. 
„    sulphide,  66. 

sulphocyanate,  66. 
Aluminic  ethide,  226. 
Amarine,  200. 
Amides,  190,  205. 

definition  of,  205. 
Amines,  191. 

classification  of,  191. 
„     diacid  salts  of,  213. 
,,     monacid  salts  of,  213. 
„     normal  salts  of,  212. 
„     salts  of,  212. 
Ammonia-boric  ethide,  218. 

methide,  216. 
Ammonia  type,  4,  5. 
Ammonic  chloride  type,  4,  5. 
Amoxyl,  5. 
Amygdalin,  112. 
Amyl,  11. 
Amylamine,  192. 
Amyl  benzol,  14. 
•Amylene,  17. 
Amylenic  chloride,  103. 
„      bromide,  103. 
,,      oxide,  90. 
Amyl  glycerin,  78. 
Amylic  iodide,  102. 
Amylide,  zincic,  234. 
Amyl  toluol,  14. 

„    xylol,  15. 
Anhydride,  acetic,  182. 

„       acetobenzoic,  183. 
„       benzoic,  183. 
VOL.  II. 


Anhydride,  butyric,  182. 

caproic,  183. 
,,        caprylic,  183. 

lactic,  183. 
,,        oenanthylic,  183. 

palmitic,  183. 
,,        pelargonic,  183. 
„     ^  propionic,  182. 
,,     '  silico-formic,  218. 
,,        succinic,  184. 
,,        valeric,  182. 
Anhydrides,  181. 

,,        conversion  into  acids, 

182,  183. 
„        definition  of,  181 . 
,  ,        of  the  dihydric  dibasic 
acids,  184. 
of  the  dihydric  mono- 
basic acids,  183. 
,,        of  the  monohydric  mo- 
nobasic acids,  182. 

Aniline,  191. 
Aniline  blue,  198. 

violet,  198. 
Anthracene,  176. 
Anthraquinone,  176. 
Antimonic  acids,  organic,  215. 
Antimony,  organic  compounds  of, 

190. 
Arbutin,  75. 
Aricine,  201. 

Aromatic  series  of  acids,  153. 
Arsenic  acids,  organic,  214. 
Arsenic,  organic  compounds  of,  190. 
Arsenic  oxydichlormethide,  214. 

„     oxytriraethide,  233,  234. 

„     tetrachlormethide,  214. 

,,     trimetho-dichloride,  214. 

,,     trimethoxide,  214. 
Arsenious  oxybases,  204. 
Arsine  triethyl,  204. 

trimethyl,  204. 
Arsines,  190,  202. 

salts  of,  214. 
Ascent  of  the  alcohol  series,  55. 
Atropine,  202. 
Azobenzol,  48. 

Bases,  caustic  antimony,  211. 
,,     caustic  arsenic,  211. 
,,     caustic  nitrogen,  211. 
,,     caustic  phosphorus,  211. 
„     imidogen,  193. 
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Bases,  organic,  191. 

oxyantimonic,  212. 

oxyarsenic,  211. 
Eenzamide,  206. 
Benzene,  44. 
Benzine,  44. 

Benzoic  series  of  acids,  153. 
Benzol,  42,  44. 

bromocompounds  of,  45. 
„      chlorocom  pounds  of,  47. 
„     substitution  derivatives  of, 
43. 

Benzonitrile,  154. 
Benzophenone,  188. 
Benzoyl,  hydride  of,  111. 
Benzyl,  14. 
Betaorcin,  74. 
Bicarburet  of  hydrogen,  44. 
Bismuthines,  190,  202. 
Bismuthine  triethyl,  204. 
Boric  diethocbloride,  217. 

„    ethide,  217. 

„    etho-diethylate,  218. 

„    etho-dihydrate,  218. 

„    methide,  216. 
Bromacetylene,  24. 
Bromethylene,  103.  - 
Bromhydrin,  104. 
Brucine,  202. 
Butoxyl,  5. 
Butyl,  11. 
Butylamine,  192. 
Butylene,  17. 
Butylenic  bromide,  103. 

„       chloride,  103. 
Butylic  iodide,  83. 
Butyrone,  187. 

Cacodyl,  205. 
Cacodylic  acid,  205,  214. 
„       chloride,  205. 
oxide,  205. 
trichloride,  214. 
Caffeine,  202. 
Caproyl,  11. 
Caprylene,  18. 
Carbinol  diethyl-propyl,  62. 
,^       dimethyl,  60. 

dimethyl-ethyl,  62. 
,,       dimethyl-isopropyl,  62. 
„       dimethyl-propyJ,  62. 
„       methyl-butyl,  60. 
„       methyl-diethyl,  62, 


Carbinol  methyl-ethyl,  60. 

,,       methyl-hexyl,  60. 

,,       methyl-isopropyl,  60. 

„       methyl-nonyl,  60. 

,,       methyl-propyl,  60. 
triethyl,  62. 

„       trimethyl,  62. 
Carburetted  hydrogen,  light,  39. 
Caustic  antimony  bases,  211. 

,,      arsenic  bases,  211. 

„      nitrogen  bases,  211. 

,,      phosphorus  bases,  211. 
Cerotene,  18. 
Cetene,  18. 
Chloracetamide,  206. 
Chlora%  110. 

,,      alcoholate,  110. 
hydrate,  110. 
Chloranil,  76. 
Chloraniline,  210. 
Chlorether,  228. 
Chlorhydrate,  ethylenic,  95. 
Chlorhydrin,  95,  104. 
Chloride,  methylic,  101. 
Chlorine,  action  of.  on  the  radicals 

of  the  ethylene  series,  18. 
Chloro-compounds  of  benzol,  47. 
Chloroform,  100. 
Chloropropionylic  chloride,  142. 
Chrysaniline,  199. 
Cinchonine,  201. 
Citramide,  209. 

Citryl-triphenyl-triamide,  209. 
Classification  of  organic  compounds, 
8. 

Codeine,  201. 
CoUidine,  194. 

Compound  organic  radicals,  9. 

„        negative    radicals,  hy- 
drides of,  37,  49. 
„        oxamides,  36. 
,,        positive    radicals,  hy- 
drides of,  37. 
Compounds,  organic,  definition  of, 

Condensed  diadelphic  type,  5, 
Conine,  193. 

Constituents  of  organic  compounds, 

Crotonylene,  21. 
Cryptopine,  201. 
Cumol,  42. 

Cuprosovinylic  ether,  23. 
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Cyamelide,  32. 
Cyanethine,  201. 
Cyanic  hydride,  49. 
Cyanides,  double,  29. 

,,       easily  decomposable,  30. 
single,  29. 
Cyanmethine,  201. 
Cyanogen,  26,  27. 

„        chlorides  of,  32. 
Cymol,  42. 

Definition  of  compound  organic  ra- 
dicals, 2. 
„  organic  compounds,  1. 

Derivatives  of  glycol,  72. 
Derivatives,  substitution,  of  benzol, 
45. 

Development  of  formulae,  6,  7,  8. 
Diacetic  glycol,  189. 
Diacetimide,  207. 
Diacetin,  189. 
Diadelphic  type,  4,  5. 
Dialkalamides,  209. 
Diamides,  207. 

constitution  of,  207. 

formation  of  primary, 
208. 

„        primary,  208. 
„        secondary,  208. 
tertiary,  208. 
Diamines,  191, 195. 

,,       formation  of,  195. 
,,       monacid  salts  of,  213. 
„        normal  salts  of,  213. 
,,        oxides  of,  196. 
„        primary,  195. 
,,        secondary,  195. 
„        tertiary,  195. 
Dibasic  acids,  158. 

„  anhydrides  of,  184. 

„  fumaric  or  acryloid 

series  of,  166. 
Dibrombenzol,  45. 
Dibutylamine,  193. 
Dibutyraldine,  200. 
Dichloraniline,  210. 
Dichlorbenzol,  47. 
Dichlorhydrin,  96,  104. 
Dichlorinated    methylic  chloride, 
100. 

Dichlorinated  methylic  ether,  87. 
Diethylamine,  193. 
Diethylammonic  iodide,  193. 


Diethylated  acetone,  187. 

ethylic  ether,  228. 
Diethylbenzol,  43. 

Diethylene  triammonic  dichloride, 
213. 

„         triammonic  monochlo- 

ride,  213. 
„        triammonic  trichloride, 

213. 

Diethyl  oxamide,  209. 
Diethylphosphonic    zincie  iodide, 
202. 

Diethyl  urea,  197. 
Dihydric  alcohols,  70,  74. 
Dimethylamine,  193. 
Dimethylaniline,  195. 
Dimethylated  acetone,  187. 
Dimethylcumidine,  195. 
Dimethylcymidine,  195. 
Dimethyloxamide,  36. 
Dimethylphenylammonic  chloride, 
194. 

Dimethyltoluidine,  195. 
Dimethyltolylammonic  chloride, 
194. 

Dimethylxylidine,  195. 
Dinitrobenzol,  49. 

Diphenyl-carbonyl-oxalyl  diamide, 
209. 

Diphenyloxamide,  36. 
Diphenyl  rosaniline,  198. 
Disilicic  hexachloride,  219. 
Disilicic  oxy-hexaethide,  220. 
,,      oxy-hexaethylate,  220. 
,,      oxy-hexamethylate,  219. 
Double  cyanides,  29. 

„      monadelphic  type,  5. 
Dyad  positive  radicals,  9,  16,  21,  24. 

,,  action  of  chlo- 

rine on,  18. 
„  haloid  ethers 

of,  102. 
,,  reactions  of 

ethylene  se- 
ries of,  18. 

Elaldehyde,  109. 
Epichlorhydrin,  96,  105. 
Erythrite,  83. 
Erythroglucin,  83. 
Erythromannite,  83. 
Ether,  85. 

„     allylic,  89. 
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Ether  amylic,  86. 

benzylic,  89. 

butylic,  86. 
„      cuprosovinylic,  23. 
„     diethylated  ethylic,  228. 
,,      dimethacetic,  128. 
,,     disodacetic,  128. 
.  '        ethylenic,  90. 
„     ethylic,  85,  87. 
„      ethylic  amylic,  86. 
,,      ethylic  butylic,  86. 
„      glycylic,  93. 

methylic,  85,  87. 

methylic  amylic,  85. 
,,  methylic  ethylic,  85. 
,,     monosodacetic,  121. 

phenylic,  89. 

phenylbenzyl,  90. 

stanntriethylic,  231. 

sulphomethylic,  190. 
„     sulphuric,  87. 
,,     trimethacetic,  129. 
Ethers,  85. 

„     formation  of,  86. 
„     haloid,  93. 

„     haloid,  of  the  dyad  positive 

radicals,  94,  102. 
„     haloid,  of  the  monad  positive 

radicals,  93,  96. 
„     haloid,  of  the  triad  positive 

radicals,  95, 104. 
„     of  the  dihydric  alcohols,  85, 

90. 

„      of  the  methyl  series,  85. 
,,     of  the  monohydric  alcohols, 
85. 

,,     of  the  phenyl  series,  89. 
,,      of  the  trihydric  alcohols,  85, 
93. 

,,     of  the  vinyl  series,  89. 
Ethereal  salts,  188. 

,,      salts,  decomposition  of,  190. 

salts,  definition  of,  188. 
„      salts  of  dihydric  alcohols, 
189. 

,,       salts  of  dibasic  acids,  189. 
,,       salts  of  dibasic  acids,  acid, 
189. 

,,       salts  of  dibasicacids,  normal, 
189. 

,,       saltsof  monobasicacids,189. 
,,       salts  of  monohydric  alco- 
hols, 189. 


Ethereal  salts  of  tribasic  acids,  180. 
,,       salts  of  tribasic  acids,  acid, 
189. 

„      salts  of  tribasic  acids,  nor- 
mal, 189. 
salts  of  trihydric  alcohols, 
189. 

,,       salts,  production  of,  188. 
Ethide,  boric,  217. 

„      hypostannic,  230. 
,,      lithiomercuric,  234. 
„      lithiozincic,  234. 

magnesic,  234. 
,,      mercuric,  225. 

perplumbic,  231. 
,,      potassic,  232. 

potassio-zincic,  234. 
„      sodio-zincic,  234. 
„      stannic,  225. 
„      stannous,  230. 
„      tellurium,  231. 
,,      zincic,  225. 
Ethobromide,  mercuric,  229. 
Ethodimethide,  stannic,  230. 
Ethodiniodide,  hypostannic,  230. 
Ethohydrate,  mercuric,  230. 
Ethonitrate,  mercuric,  234. 
Ethoxyl,  5. 
Ethyl,  11,  12. 
Ethyl  acetamide,  209. 
acetone,  187. 
„     acetyl,  187. 
„     butyral,  187. 
„      diacetamide,  209. 
,,      propionyl,  187. 
,,     urea,  196. 
Ethylamine,  99,  192. 
Ethylammonic  chloride,  212. 

iodide,  99. 
Ethylamylamine,  193. 
Ethylated  acetone,  187. 
Ethylene,  16,  20. 

,,      and  ethylidene  compounds, 

isomerism  of,  19,  146. 
„      compounds,  18. 
,,       diamine,  197. 
Ethylene-diammonic  dibromide,196. 

dichloride,213. 
monochloride, 

213. 
oxide,  196. 
Ethylene  diethyl  diamine,  197. 
„       series,  16. 
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Ethylene  series  of  radicals,  action 
of  chlorine  on,  18. 
,,       series  of  radicals,  prepara- 
tion of,  16. 
Ethylenic  bromide,  103. 

chloride,  102. 
chlorhydrate,  95,  102. 
,,       cyanide,  104. 
„       dichloride,  95. 
ether,  90. 
iodide,  103. 
iodhydrate,  102. 
nitrile,  104. 
,,       oxide,  90. 
,,       oxide,  isomers  of,  91. 
,,       oxide,  reactions  of,  91. 
Ethyl  ic  acetate,  189. 
„     borate,  217. 
,,     chloride,  101, 
,,      a  cyanpropionate,  166. 
„     j8  cyanpropionate,  165. 
„     diethaceto-acetate,  186. 

diethoxalate,  229. 
„  disodacetate,  185. 
,,     disodacetoacetate,  186. 

ethacetoacetate,  186. 
„     ether,  90. 

,,  ethylozincicdiethoxalate,229. 
'  „     iodide,  101. 
,,     sodacetoacetate,  186. 
,,     succinate,  189. 
,,      sulphhydrate,  59. 
„     sidphide,  89. 
. ,,     trisodacetate,  186. 
Ethylidene  and  ethylene  compounds, 
isomerism  of,  19,  146. 
,,        compounds,  19. 
„        cyanhydrate,  147. 
dichloride,  109. 
Ethylochlorether,  228. 
Ethylo-zincic  dinitroethylate,  229. 
,,  ethylic  diethoxalate, 

229. 

Ethyl -phenyl,  43. 
Ethyl-phenylamine,  193. 
Ethyl-phenylammonic  iodide,  193. 
Ethyl-xylol,  43. 

Fatty  acids,  normal,  115. 

,,     acids,  secondary,  128. 

„     acids,  tertiary,  129. 

„  series  of  acids,  114. 
Eerricyanide,  potassic,  31. 


Ferrocyanide  potassic,  30. 

Eire-damp,  39. 

Formulee,  development  of,  6. 

„        graphic,  of  organic  com- 
pounds, 7. 

Formyl,  25. 

Formyl-diphenyl  diamine,  98. 
Fumaric  or  acryloid  series  of  acids, 
166. 

,,      series  of  acids,  isomerism 
in,  166. 
Furfurine,  200. 

Gaultheria  procumbens,  oil  of,  56. 
Glucose,  84. 
aivcerin,  77,  78. 

relations  of,  79,  80,  81. 
Glycol,  acetobutyric,  73. 
„     amylic,  70. 
„      bromethylic,  72. 
„      bromhydric,  72. 
„     butylic,  70. 
„     chlorhydric,  72,  102. 
,,      cyanhydric,  148. 
„      derivatives  of,  72. 
„     diacetic,  71,  189. 
„     diethylenic,  73. 

diethylic,  72. 
,,     disodic,  72. 

ethylic,  71. 
„      hexetliylenic,  73. 
,,      hydric  ethylic,  72. 
„     iodhydric,  102. 

monacetic,  72,  103,  189. 
,,     monosodic,  72. 
,,      pentethylenic,  73. 
,,     propylic,  70. 
„     sulpliur,  72. 
„     tetrethylenic,  73, 
,,      triethyienic,  73. 
GlycoUic  acetobromide,  72. 
Glycols,  70. 

,,      polyethylenic,  73. 
,,      relations  of  succinic  series 
to,  161. 
Glycolyl,  25. 
Glyoxal,  152. 

Glyoxyloid  series  of  dibasic  acids, 
173. 

Graphic  formulce  of  organic  com- 
pounds, 7. 
Guanidine,  200. 
Guanine,  200. 
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Haloid  compounds  of  oxybases,  1 90, 
210. 
„      ethers,  93. 

,,     ethers  of  the  dyad  positive 
radicals,  94,  102. 
ethers  of  the  monad  positive 
radicals,  93. 
„      ethers  of  the  triad  positive 
radicals,  95,  104. 
Heptylene,  18. 
Hexylene,  17. 
Hofmann's  violet,  199. 
Homopyrocatechin,  74. 
Hydrazobenzid,  48. 
Hydride,  amy  lie,  39,  41. 
butylic,  39. 
caproylic,  39. 
cyanic,  49. 
,,       decatylic,  39. 
„       dodecatylic,  39. 
,,       endecatylic,  39. 

ethylic,  39,  40. 
„       heptylic,  39. 

hexylic,  39. 
„       methylic,  39. 
„       nonylic,  39. 
„       octylic,  39. 
"  ,,       oxatylic,  49. 
„       pentadecatylic,  39. 
„       pentylic,  39. 
,,       phenylic,  44. 
,,       propylic,  39. 
,,       tetradecatylic,  39. 
tetrylic,  39. 
tridecatylic,  39. 
tritylic,  39. 
Hydrides  of  compound  negative  ra- 
dicals, 37,  49. 
„       of  compound  positive  ra- 
dicals, 37. 
,,       of  the  radicals  of  the  me- 
thyl series,  37. 
„       of  the  radicals  of  the  me- 
thyl series,  preparation 
of,'  38, 

„       of  the  radicals  of  the  phe- 
nyl series,  42. 
Hydrochloric  glycide,  96,  105. 
Hydrocotarnine,  201. 
Hydrogen,  bicarburet  of,  44. 
Hydroquinone,  75. 
Hydrosulphate  of  ethyl,  59. 
Hypostannic  ethide,  230- 


Hypostannic  ethodiiodide,  230. 

Imides,  190,  210. 

,,      general  formula  of,  210. 
linidogen  bases,  193. 
Introduction  to  organic  chemistry, 

1. 

Iodide,  phosphonic,  202. 
lodhydric  glycol,  102. 
lodhydrin,  93. 
lododiethide,  stannic,  230. 
lodotriethide,  stannic,  230. 
Isobutylene,  17. 

Isomeric   forms   of  valeric  acid, 
126. 

Isomerism  in  fumaric  or  acryloid 
series,  166. 
in  the  lactic  series,  143. 
„        of  ethylene  and  ethyli- 
dene,  146,  168. 
Isopropylic  alcohol,  61. 
,,        iodide,  79. 
nitrile,  128. 

Ketones,  184. 

„      formation  of,  185. 
,,       isomerism  of,  187. 
list  of,  187. 
Ketones   of  the  CwH2n-7  series, 
188. 

Lactic  series  of  acids,  relations  of,  to 
acetic  series,  142. 
,,     series  of  acids,  relations  of,  to 
acrylic  series,  142. 
series  of  acids,  relations  of 
succinic  series  to,  161. 
Lactide,  183. 

Lactoid  series  of  dibasic  acids,  172. 
Lactyl,  25. 
Laudanosine,  201. 
Lead. 

Perplumbic  chlorotriethide, 
231. 
ethide,  231. 
„  triethohydrate, 
231. 

Leucin,  150. 

Leukaniline,  199. 

Light  carburetted  hydrogen,  39. 

Lithiomercuric  ethide,  234. 

Lithiozincic  ethide,  234. 

Lutidine,  194. 
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Magenta,  198. 
Magnesic  ethide,  234. 
Malic  series  of  acids,  172. 
Malonyl,  25. 
Mannite,  84. 
Marsh-gas,  39. 

Marsh-gas  series,  hydrides  of,  37. 

type,  4. 
Mauveine,  198. 
Meadow-sweet,  oil  of,  156. 
Melene,  18. 

Mendius's  reaction,  55. 
Mercaptan,  59. 
Mercury. 

Mercuric  amylide,  226. 

ethide,  225,  234. 
ethiodide,  225. 
„       ethobromide,  229. 
,,       etbohydrate,  230. 
„       ethonitrate,  234. 
iodethide,  232. 
methide,  229,  234. 
methiodide,  229,  234. 
methohydrate,  230. 
„       naphthide,  226. 
Organo-  compounds,  225,  229, 
232 

Metaldehyde,  109. 
Methide,  aluminic,  232. 
'  „       boric,  216. 
,,       mercuric,  234. 
„       potassio-zincic,  234. 
„       tellurium,  234. 
zincic,  228,  234. 
Methoxyl,  5. 
Methyl,  11. 
Methyl  acetone,  187. 
„     benzol,  188. 
„      benzoyl,  188. 
„      series,  hydrides  of  the  radi- 
cals of,  37. 
„      series  of  alcohols,  52. 
,,      series,  normal  alcohols  of, 
52,  53. 

series,  secondary  alcohols  of, 
52,  60. 

,,      series,  tertiary  alcohols  of, 
52,  62. 

„      series,  normal  radicals  of,  10. 
,,      series,  preparation  of  normal 
radicals  of,  11. 
series,  secondary  radicals  of, 
10. 


Methyl  series,  tertiary  radicals  of, 
10. 
type,  4, 
,,      valeral,  187. 
Methylamine,  192. 
Methylated  acetone,  187. 
Methylenic  chloride,  102. 

iodide,  102. 
Methylethylamine,  193. 
Methylethyl-phenylamine,  194. 
Methylic  borate,  215. 
„       chloride,  99. 
,,       chloride,  dichlorinated, 
100. 

, ,       chloride,  monochlorinated, 
100. 

,,       chloride,  tri chlorinated, 
100. 
iodide,  102. 
,,       nitrile,  119. 
,,       oxide  {Methylic  ether),  87. 
Methylo-zincic  dinitromethylate, 
229. 

Methylphenyl,  42. 
Methylphenylammonic  chloride, 
194. 

Methyl  xylol,  43. 
Monacetic  glycol,  189. 
Monacetin,  189. 
Monad  positive  radicals,  10. 

„     positive     radicals,  haloid 
ethers  of,  93,  96. 
Monadelphic  type,  4,  5. 
Monalkalamides,  209. 
Monamides,  206. 

,,        formation  of  primary, 
206. 

.,         primary,  206. 
„         reactions   of  primary, 
207. 

„         secondary,  207. 
tertiary,  207. 
Monamines,  191. 

,,         formation  of  primary, 
191. 

„         formation  of  secondary, 
193. 

„         formation  of  tertiary, 
193. 

„        methyl  series  of  primary, 
191. 

„         methyl  series  of  secon- 
dary, 192. 
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Monamines,  phenyl  series  of  pri- 
mary, 191. 

„  phenyl  series  of  secon- 
dary, 192. 

„         primary,  191. 

„  reactions  of  primary, 
192. 

„  recognition  of  primary, 
195. 

,,  recognition  of  secon- 
dary, 195. 

„  recognition  of  tertiary, 
195. 

„         secondary,  191,  192. 

tertiary,  191,  193. 
„         vinyl  series  of  primary, 
ld\. 

„        vinyl  series  of  secon- 
dary, 192. 
Monobasic  acids,  anhydrides  of,  182, 
183. 

„        organic  acids,  113. 
Monobrombenzol,  45. 
Monobromorcin,  76. 
Monochlorbenzol,  47. 
Monochlorhydrin,  79. 
Monochlorinated  methylic  chloride, 
100. 

„  propylic  glycol, 

79. 

Monohydric  alcohols,  52,  63,  66. 
„         alcohols,  secondary, 
60. 

„  alcohols,  tertiary,  62, 
67. 

„         alcohols,  normal,  of  the 

phenyl  series,  66. 
„        alcohols  of  the  phenyl 

series,  66. 
„        alcohols  of  the  vinyl 
series,  63. 
Monomethylarsenic  acid,  214,  233. 
Morphine,  201. 

Narceine,  201. 
Narcotine,  201. 
Natural  alkaloids,  201. 
Negative   compound  radicals,  hy- 
drides of,  49. 
,,      organic  radicals,  9,  25. 
Nicholson's  yellow,  199. 
Nicotine,  202. 
Nitraniline,  49. 


Nitrides,  general  formula  of,  210. 

,,      negative,  210. 
Nitrile,  ethylenic,  104. 
,,     isopropylic,  128. 
,,     methylic,  119. 
Nitriles,  preparation  of,  97. 
Nitrobenzol,  43,  47. 
Nitrocumol,  43. 
Nitrocymol,  43. 
Nitrogen,  caustic  bases  of,  211. 

,,      compounds  of  triad,  and 

its  analogues,  190. 
,,      compounds  of  pentad,  and 

its  analogues,  211. 
,,       organic  compounds  of,  190. 
Nitropentol,  43. 
Nitrotoluol,  43. 
Nitroxylol,  43. 
Nonylene,  18. 
Normal  acids,  114. 

,,     acidsof  theacrylicseries,130. 
„     acids  of  the  lactic  series,  135. 
,,      fatty  acids,  115. 
„     monohydric  alcohols  of  phe- 
nyl series,  66,  67. 
„     olefine  acids  of  the  lactic 

series,  139. 
„     radicals  of  methyl  series,  11. 
„     radicals  of  methyl  series, 

preparation  of,  11. 
„      salts  of  amines,  213. 

Octylene,  18. 

QEnanthylene,  18. 

Oil  of  bitter  almonds.  111. 

,,  of  Gaultheria  procumbens,  56. 
Olefine  type,  5. 
Oleic  series  of  acids,  130. 
Orcein,  77. 
Orcin,  76,  77. 

Organic  antimonic  acids,  215. 
,,      arsenic  acids,  214. 
,,      arsenic  chlorides,  214. 
„      arsenic  oxy chlorides,  214. 
„      bases,  191. 

„      compounds,  definition  of,  1. 
„      compounds,  classification  of, 
8. 

,,      compounds,  elements  con- 
tained in,  1,  2. 

,,      compounds,    graphic  for- 
mulce  of,  7,  8. 
compounds,  notation  of,  3. 
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Organic  radicals,  3. 

,,      radicals,  compound,  defini- 
tion of,  2. 
„      radicals,  negative,  9. 
,,      radicals,  positive,  9. 
Organo-aliiminic  compounds,  232. 
,,      antimony  compounds,  233. 
„     arsenic  compounds,  233. 
,,     bismuth  compounds,  233. 
,,     boron  compounds,  215. 

boron  compounds,  definition 
of,  215. 

,,     cadmium  compounds,  232. 

,,     lead  compounds,  231 . 

„     magnesium  compounds,  232, 

mercury  compounds,  229. 
,,     potassium  compounds,  227. 
„      silicon    compounds,  215, 
218. 

,,     sodium  compounds,  227. 
„     tellurium  compounds,  231. 

tin  compounds,  230. 
„     zinc  compounds,  227,  232. 
Organometallic  bodies,  223. 

,,  bodies,  constitution 

of,  231. 
,,  bodies,  definition  of, 

j  223. 

,,  bodies,  formation  of, 

225. 

,,  bodies,  reactions  of, 

227. 

,,  bodies,  types  of,  232. 

Oxamide,  36,  208. 
Oxamides,  compound,  36. 
Oxatyl,  26,  32. 
Oxatylic  hydride,  49, 
Oxyantimonic  bases,  212. 

,,  bases,  salts  of,  214. 

Oxyarsenic  bases,  211, 

,,        bases,  salts  of,  214, 
Oxybases,  190,  204, 

arsenious,  204. 
,,       haloid  compounds  of,  190, 
210. 
Oxyphenol,  74. 

Papaverine,  201. 
Paraffin,  41, 
Paraldehyde,  109. 
Paramylene,  18. 
Parvoline,.194. 
Pentol,  42. 


Perchlorinated  methylic  ether,  87. 
Phenyl,  15. 

Phenyl  series,  ethers  of,  89. 

,,  series,  hydrides  of  the  radi- 
cals of,  42. 

„  series,  monohydric  alcohols 
of,  66. 

„      series,  normal  monohydric 
alcohols  of,  66. 
series,  radicals  of,  14. 
,,      series,  tertiary  alcohols  of, 
Q7,  68. 
Phenylamine,  192. 
Phenylene  diethylic  ketone,  188, 
,,        series  of  radicals,  24. 
Phenyl  formamide,  98,  154. 
Phenylic  cyanide,  98. 
„      hydride,  44. 
„       iodide,  94. 
Phenyl  rosaniline,  198. 
Phloroglucin,  81. 
Phlorol,  67. 

Phosphine,  diethyl,  203. 

dimethyl,  203. 
ethyl,  203. 
methyl,  203. 
triethyl,  204. 
„        trimethyl,  204. 
Phosphines,  190,  202. 

„         primary,  202, 

salts  of,  214. 
„         secondary,  202, 
tertiary,  203. 
Phosphonic  iodide,  202, 
Phosphoric  triethoxide,  204, 
Phosphorus,  organic  compounds  of, 
190. 

Phthalylic  chloride,  188. 
Phycite,  83, 
Picoline,  194. 
Picroerythrin,  76. 
Pinite,  84. 
Piperidine,  193. 
Polyhydric  alcohols,  83. 
Positive  compound  radicals,  hydrides 
of,  37. 

„      dyad  radicals,  haloid  ethers 

of,  94,  102. 
, ,     monad  radicals,  haloid  ethers 

of,  93,  96. 
„      organic  radicals,  9. 
„     triad  radicals,  haloid  ethers 

of,  95,  104. 
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Potassium. 

Potassic  cyauate.  29. 

ethide,  232. 
ferricyanide,  31. 
,,      ferrocyanide,  30. 
„       succinate,  104. 
,,       sulpliocyanate,  32. 
Potassiozincic  ethide,  234. 

methide,  234. 

Propione,  187. 
Propoxyl,  5. 
Propyl,  11. 
Propylene,  17. 
Propylenic  bromide,  103. 

chloride,  103. 

iodide,  103. 

oxide,  90. 
Propylic  glycol,  monochlorinated, 
79. 

Propylic  iodide,  94. 
Protopine,  201. 
Prussian  blue,  31. 
Pseudobutylene,  17. 
Pseudorcin,  83. 
Pyridine,  194. 
Pyrocatechin,  74. 
Pyrogallin,  81,  82. 
Pyroxylic  spirit,  56. 

Quercite,  84. 
Quinine,  201. 
Quinone,  75. 

Eadicals,  acetylene  series  of,  21. 
„       dyad  positive,  16. 
„       dyad,  relations  of  succinic 

series  to,  161. 
„       haloid  ethers  of  the  dyad 

positive,  94,  102. 
,,       haloid  ethers  of  the  monad 

positive,  93,  96. 
haloid  ethers  of  the  triad 

positive,  95,  104. 
hydrides  of  positive  com- 
pound, 37. 
„       monad  positive,  10. 
„       monad,    relations  of,  to 

fatty  acids,  119. 
„       negative,  hydrides  of,  37, 

49. 

„       normal,  of  the  methyl  se- 
ries, 11. 


Radicals,  normal,  of  the  methyl  se- 
ries, preparation  of,  11. 
„       of  the  phenylene  series,  24. 
„       of  the  phenyl  series,  14. 
,,       of  the  phenyl  series,  hy- 
drides of,  42. 
„       of  the  vinyl  series,  13. 
,,       organic,  3. 
,,       secondary,  of  the  methyl 

series,  10. 
„       tertiary,  of  the  methyl  se- 
ries, 10. 
triad  positive,  25. 
Eesorcin,  74. 
Eosaniline,  198. 

Salts,  ethereal,  188. 
Secondary  monohydric  alcohols,  60. 
„        radicals  of  the  methyl 
series,  13. 
Silicic  aceto-triethylate,  220. 

„    acetylate,  220. 

„    chloroform,  218. 

„    chlortriethide,  220. 

„    chlortriethylate,  220. 

„    dichlorethide,  220. 

„    dichlorethylate,  220. 

„    dieth-ethylate,  220. 

,,    dietho-chlorethylate,  220. 

„    diethoxide,  220. 

,,    dimethylate  ethylate,  220. 

„    ethide,  221. 

„    ethotriethylate,  220. 

„    ethylate,  220. 

„    hydrotriethylate,  220. 

„    methide,  219,  221. 

„    methylate,  220. 

„    trichlorethide,  220. 

„    trieth -ethylate,  220. 

„    triethohydrate,  222. 

,,    triethylate  amy  late,  220. 
Silicoformic  anhydride,  218. 
Siliconylic  acetate,  220. 

alcohol,  220. 
chloride,  220. 
Silicopropionic  acid,  222. 
Single  cyanides,  29. 
Sodio-zincic  ethide,  226,  234. 
Spirit  of  wine,  57. 
Stearin,  76. 
Stibine,  triamyl,  204. 
triethyl,  204. 
„      trimethyl,  204. 
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Stibines,  190,  202. 

salts  of,  214. 
Strychnine,  202. 
Styrol,  157. 

Substitution  derivatives  of  benzol, 
45. 

Succinamide,  208. 
Succinic  series  of  acids,  159. 

„      series,  relations  of,  to  acetic 

series,  162. 
„       series,  relations  of,  to  dyad 

radicals,  161. 
„      series,  relations  of,  to  lactic 
series  and    to  glycols, 
161. 

Suecinimide,  207,  210. 
Succinylic  chloride,  187. 
Sulphophenyl  urea,  197. 
Sulphur  alcohol,  59. 
Sulphuric  diethoxide,  89. 
Sulphurous  diethoxide,  89. 

„       triethylo-iodide,  89. 

„       triethylo-hydrate,  89. 

Tartaric  or  glyoxyloid  series  of  acids, 
173. 

Tellurium  ethide,  231. 
Tellurous  diethoxide,  231,  233. 

diethiodide,  231,  233. 
,,       diethosulphate,  231. 
Tertiary  acids  of  the  fatty  series,  114. 
129. 

„      diamines,  195. 
,,      monohydric  alcohols,  62, 
67. 

„      monamides,  207. 
„      monamines,  191,  193. 
,,      monarsines,  211. 
,,      radicals  of  the  methyl  series, 
10. 

Tetrachlorinated  methylic  ether,  87. 
Tetramines,  191. 
Tetrethylammonic  hydrate,  211. 
Thebaine,  201. 
Theine,  202. 
Theobromftie,  202. 
Thialdine,  200. 
Tin. 

Distannic  hexethoxide,  233. 
Hypostannic  ethide,  230. 

,,  ethodiniodide,230. 
Stannic  chlorotriethide,  230. 
„     dichlorethide,  226. 


Tin. 

Stannic  ethide,  225. 

,,     ethodimethide,  230. 
,,     ethophenyi  dichloride, 
235. 

„     iododiethide,  230. 
,,     iododimethide,  235. 
„     iodotriethide,  230. 
,,     iodotrimethide,  235, 
„     methide,  235. 
„     phenyl-triethide,  235. 
triethohydrate,  233. 
Stannous  ethide,  230. 
Stanntriethylic  alcohol,  231. 

chloride,  231. 
ether,  231. 
haloid  ether, 
231 

Toluidine,  192. 

blue,  198. 

Toluol,  42. 

Tolyl,  14. 

Tolylamine,  192. 

Triacetin,  189. 

Triad  positive  radicals,  25, 

,,     positive  radicals,  haloid  ethers 
of,  104. 
Triad  elphic  type,  4,  5. 
Trialkalamides,  209. 
Triamides,  208. 

„        primary,  constitution  of, 
208. 

„        secondary  and  tertiary, 
209. 
Triamines,  198. 

,,        diacid  salts  of,  213. 
„        monacid  salts  of,  213. 
„        normal  salts  of,  213. 
Triamylamine,  194. 
Tribasic  acids,  177. 

„      acids,  aconitic  or  acryloid 

series  of,  177. 
„      acids,  citric  or  lactoid  series 
of,  178. 

„      acids,  tricarballylic  or  ace- 
toid  series  of,  177. 
Tribrombenzol,  46. 
Ttibrombenzol  hydrobromate,  46. 
Tribromopyrogallin,  83. 
Tribromorcin,  76. 
Tributylamine,  194. 
Trichloraldehyde,  110. 
Trichloraniline,  210. 
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Trichlorbenzol,  47. 
Trichlorhydrin,  96,  105. 
Triclilorinated  &c.  amines,  190,  209. 

methylic  chloride, 
100. 

Trichlororcin,  76. 
Triethylamine,  194. 
Triethylammonic  iodide,  193. 
Triethyl  arsine,  204. 

phosphine,  203. 
„       phosphonic  iodide,  203. 
„      rosaniline,  199. 

silicol,  220. 
„       stibine,  204. 
Trihydric  alcohols,  51,  77. 

ethers  of,  93. 

Triiodorcin,  76. 
Trimethylamine,  194. 
Triphenyl  rosaniline,  198. 
Tritolyl  rosaniline,  198. 
TurnbuU's  blue,  32. 
Type,  ammonia,  4,  5. 

,,    ammonic  chloride,  4,  5. 

„    condensed  diadelphic,  6. 

,,     diadelphic,  4. 

„    double  monadelphic,  5. 

,,    marsh-gas,  4. 

„     methyl,  4. 

,,    monadelphic,  4,  5. 

,,    olefine,  5. 


Type,  triadelphic,  4,  5. 

Types  of  organic  compounds,  4. 

Urea,  196. 

derivatives  of,  197. 

„     formation  of,  196. 

„     reaction  of,  197. 
Urea  a  diamine,  197. 

Yalerylene,  21. 

Yinylic  bromide,  103. 

Vinyl  series,  ethers  of  the,  89. 

„     series,  monohydric  alcohols  of 
the,  63. 

„     series,  radicals  of  the,  13. 

Xylol,  42. 

Zincic  amide.  229. 

„  amylide,  234. 

,,  dinitro-ethylate,  228. 

„  ethide,  225,  234. 

„  ethiodide,  227. 

„  ethoethylate,  227. 

„  ethylate,  224. 

„  methide,  234. 

„  methide  ethylate,  229. 

,,  methyldithionate,  228. 

,,  propionate,  228. 

,,  succinate,  224. 
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